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PREFACE. 


The  following  account  of  Pernicious  Anaemia  is  based  upon  the  results 
of  fifteen  years'  investigations  regarding  the  nature  of  this  disease — one 
first  made  known  to  English  physicians  under  the  title  "  Idiopathic 
Anaemia,"  originally  given  to  it  by  Dr.  Addison  in  1855,  and  after- 
wards independently  redescribed  by  Professor  Biermer  of  Zurich  in 
187 1  under  the  name,  by  which  it  has  since  been  more  commonly 
known,  of  "Pernicious  Anaemia." 

Few  diseases  have,  from  the  very  outset,  been  wrapt  in  mystery 
apparently  so  impenetrable  as  this  form  of  Anaemia.  Its  very  essence, 
as  originally  described  by  Addison,  was  that  it  occurred  without  any 
discoverable  cause  whatever ;  and  this  character  of  mystery,  in  spite  of 
thirty  years'  subsequent  studies,  was  held,  in  the  view  of  the  later 
observers  best  qualified  to  judge,  to  extend  even  to  its  clinical  and  patho- 
logical features.  According  to  Professor  Eichhorst  {1878) — representing 
Continental  observers — neither  clinically  nor  anatomically  did  it  possess 
any  distinctive  features ;  according  to  Dr.  Pye-Smith,  one  of  Addison's 
most  distinguished  pupils,  (1883) — representing  English  observers — 
the  essence  of  the  disease  was,  that  it  was  without  any  symptoms  during 
life,  and  without  any  lesions  after  death,  which  could  not  be  explained 
as  directly  due  to  the  anaemia. 

Such  was  the  standpoint  of  knowledge  regarding  the  disease  at  the 
time — 1885 — when  the  investigations  here  recorded  were  first  com- 
menced. The  larger  portion  of  them  were  carried  out  during  the  five 
years  1885-1890— the  most  of  them  during  my  tenure  of  the  research 
appointment  of  John  Lucas  Walker  Student  of  Pathology  in  the 
University  of  Cambridge ;  and  the  results  were  recorded  in  various 
papers  between  the  years  1 888-1 890. 

The  investigations  as  a  whole  have  presented  certain  special 
features;  the  chief,  perhaps,  being  the  remarkably  varying  character 
of  the  problems  successively  presented ;  and,  second  only  to  this,  the 
value  attached  to  the  detailed  study  of  individual  cases  of  the  disease. 
As  regards  the  former,  the  investigations  have  been  in  succession : 

(1)  Aisfo/og/caZ—'mvoWmg  three  years'  studies  regarding  the  origin  and 
significance  of  blood  pigment  in  various  organs  in  health  and  disease ; 

(2)  experimen /a/— inyoWmg  experiments  (one  hundred  and  fifty  in 
number),  extending  over  five  years,  with  the  object  of  throwing  light  on 
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the  hitherto  obscure  subject  of  the  nature  and  seats  of  hsemolysis  in 
health;  (3)  chemical — involving  studies  regarding  the  chemical  pro- 
cesses within  the  gastro-intestinal  tract  in  this  particular  disease ;  and 
(4)  clinical — involving  studies  with  regard  to  the  character  and  signi- 
ficance of  various  symptoms  of  the  disease,  and  especially  their  relation 
one  to  another. 

At  this  point  (1890)  the  investigations  seemed  for  a  time  to  be 
brought  to  a  standstill.  For  the  problem  then  presented  was  the  most 
difficult  of  all,  viz.,  (5)  etiological — the  nature  and  source  of  the 
infective  agencies  at  work,  pointed  to  by  the  previous  observations. 
It  was  only  by  following  out  certain  clues  presented  by  individual 
cases — from  the  rarity  of  the  disease  necessarily  few  in  number,  that 
I  was  enabled  after  ten  years  to  gain  light  on  this  all-important  branch 
of  the  subject.  Lastly,  throughout  the  course  of  the  investigation, 
the  (6)  therapeutic  problem  has  ever  been  present  to  my  mind. 

The  conclusions  arrived  at  as  the  result  of  these  various  investiga- 
tions relate  not  merely  to  the  chief  subject-matter  of  study — the  nature 
of  pernicious  anaemia,  but  also  to  many  matters  of  physiological  and 
pathological  interest  investigated  in  connection  therewith.  For  con- 
venience, I  have  given  references  to  the  more  important  of  these 
conclusions  in  the  Index.  The  chief  of  them  relate  to  the  Physiology 
of  Haemolysis,  and  the  Pathology  of  Jaundice  associated  with  blood 
disorder.  The  studies  relating  to  these  two  subjects  I  have  here 
appended  in  full. 

As  regards  Pernicious  Anaemia,  the  conclusions  reached  are  of 
a  definite  character,  so  much  so,  that  if  read  alone,  without  relation  to 
the  studies  on  which  they  are  based,  one  might  perhaps,  at  first 
sight,  doubt  whether  they  could  refer  to  the  disease  originally  described, 
and  subsequently  characterised  as  the  result  of  much  later  study,  in  the 
terms  I  have  already  referred  to.  The  general  scope  and  character 
of  these  conclusions  and  of  the  investigations  on  which  they  are  based, 
I  have,  for  convenience  of  reference,  represented  graphically  in  the 
accompanying  scheme. 

As  regards  its  Nature — they  shew  the  disease  to  be  not  merely  a 
special  form  of  anaemia,  but  a  definite  and — in  regard  to  mode  of  onset 
and  site  of  infection — a  well  characterised,  chronic,  infective  disease, 
localised  to  the  alimentary  tract — one  in  which  long-lasting  Sepsis,  oral 
and  gastric,  plays  an  essential  and  important  antecedent  and  concurrent 
part.  As  regards  its  Symptoms — so  far  from  the  anaemia  being  the  sole 
feature  of  the  disease  and  the  cause  of  all  its  symptoms  and  lesions,  it 
is  only  one  of  the  symptoms  ;  and  there  are  at  least  three  other  groups, 
haemolytic,  gastro-intestinal,  and  toxic — no  less  striking,  in  their 
grouping  no  less  characteristic,  and  in  regard  to  the  site  of  infection, 
far  more  instructive  than  the  actual  anaemia  itself — caused  not  by  the 
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ansemia  itself  but  by  the  infective  agencies  underlying  the  disease. 
As  regards  Diagnosis— the  disease  can,  even  in  its  early  stages,  if  not 
easily,  yet  with  certainty,  be  diagnosed  both  during  life  and  after  death  ; 
during  life,  by  having  regard  to:  (i)  its  mode  of  onset  with  special 
reference  to  its  oral  and  gastric  symptoms;  (2)  the  degree  of  blood 
change,  out  of  all  proportion  to  that  caused  by  organic  or  wasting 
disease  even  when  severe;  (3)  the  characteristic  groups  of  symptoms 
I  have  described ;  and  after  death,  by  the  no  less  characteristic  changes 
in  the  liver,  bile,  and  kidneys.  Lastly,  as  regards  Treatment,  the 
conclusions  suggest  new  lines  in  regard  both  to  the  prevention  of  the 
disease,  and  possibly  also  to  its  permanent  arrest  after  it  has  commenced. 

Moreover,  these  conclusions  relate  to  the  form  of  anaemia  described 
by  Addison,  and  to  that  alone.  For  as  regards  Etiology — the  founda- 
tion of  our  knowledge  was,  in  my  judgment,  laid  deep  and  broad  by 
Addison  in  his  original  description :  namely,  the  disease  occurs  apart 
from  the  usual  causes  or  concomitants  of  the  anaemic  state.  The 
different  conclusion  of  Biermer,  so  largely  accepted  by  the  great 
majority  of  later  observers, — namely,  that  all  ordinary  anaemia-producing 
factors,  if  only  severe  enough,  are  potential  causes  of  the  disease  (its 
so-called  '  secondary '  forms) — has,  in  my  experience,  no  firm  basis. 
The  disease  cannot,  in  my  experience,  be  produced  by  such  factors 
alone,  however  severe  they  may  be  ;  and  cases  of  this  kind  can,  I  con- 
sider, be  successfully  excluded — even  during  life,  and  still  more  easily 
after  death — by  the  absence  of  the  characteristic  grouping  of  clinical 
features  and  of  the  pigment  changes  I  have  described.  I  therefore  do 
not  recognise  any  primary  or  secondary  forms  of  this  disease,  any  more 
than  I  recognise  primary  or  secondary  forms  of  typhoid  fever  or 
tuberculosis.  On  the  contrary,  it  has  a  special  (infective)  etiology 
underlying  it ;  and  as  an  infective  disease  it  is  quite  possible  for  it  to 
occur— albeit  but  rarely,  since  I  have  not  met  with  any  such  case — in 
those  who  may  already  be  the  subject  of  other  diseases.  By  its  charac- 
teristic clinical  and  pathological  features,  it  would  be  as  easy  to  diag- 
nose its  existence  in  such  a  case,  as  it  v/ould  be  in  the  case  of  any 
other  infective  disease,  e.g.,  typhoid  fever  in  the  course  of  phthisis. 

Subsequent  experience  of  the  disease  will  doubtless  necessitate 
modification  of  the  character  of  some  of  these  conclusions  with  regard 
to  individual  details  ;  but  I  do  not  anticipate  that  this  will  apply  in  any 
essential  particulars  to  the  view  of  the  disease  here  presented,  P'or  the 
basis  of  all  my  conclusions  as  to  the  special  nature  of  the  disease,  I 
would  point  out,  is  not  any  clinical  views  regarding  the  possible 
importance  of  this  or  that  group  of  symptoms,  but  the  firmer  one  of 
extended  pathological  observations  regarding  the  hemolytic  nature  of 
the  disease,  the  special  character  of  the  hcemolysis,  and  its  gastro-intes- 
tinal  site;   supported   clinically  by  all  subsequent   observations  re- 
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garding  the  chief  cHnical  features  of  the  disease.  In  no  case  have 
the  conclusions  been  hghtly  formed — as  may  perhaps  be  best  judged 
from  the  length  of  time  devoted  to  each  portion  of  the  investigation. 
Moreover,  the  fact  that  those  portions  of  them  relating  to  the  pathology 
of  the  disease  have  stood  the  test  of  twelve  years'  later  experience — so 
much  so,  that  I  have  here  reproduced  them  in  their  original  form,  as 
expressing  my  present  opinions  regarding  the  disease,  any  additions  or 
modifications  being  indicated  by  enclosure  within  brackets — holds  out 
the  hope,  that  the  further  conclusions  based  upon  them  may  likewise 
stand  the  test  of  further  experience.  Indeed,  since  my  later  conclusions 
regarding  the  Septic  origin  of  the  disease,  and  especially  as  regards  the 
significance  of  its  lesions  of  the  tongue,  were  recorded  (1900),  I  have  had 
opportunities  of  confirming  them  in  a  more  and  more  striking  manner 
in  every  subsequent  case  of  the  disease  (ten  in  number)  I  have  seen. 
Two  of  these  cases  (cases  10  and  11)  I  have  recorded  in  full,  as  typical 
in  my  experience  of  the  antecedent  history,  mode  of  onset,  and  clinical 
features  of  the  disease. 

Wherever  the  views  and  opinions  of  other  observers  are  described, 
the  words  employed  are,  in  all  cases,  whether  expressly  stated  or  not, 
those  of  the  authors  themselves. 

In  conclusion  I  desire  to  express  my  warm  thanks  to  those  to 
whom  I  have  been  indebted  in  the  course  of  these  investigations  :  to 
Dr.  Byrom  Bramwell  of  Edinburgh,  who  early  in  my  studies  most 
kindly  placed  at  my  disposal  valuable  pathological  material  from  six  of 
his  cases;  to  the  Physicians  of  Charing  Cross  Hospital— Dr.  Green, 
Dr.  Mitchell  Bruce  and  Dr.  Abercrombie — for  having  at  all  times 
freely  placed  at  my  disposal  for  study,  as  Pathologist  of  the  Hospital, 
the  cases  of  the  disease  coming  under  their  care ;  to  Mr.  Percy 
Richards,  F.C.S.,  of  the  Chemical  Laboratory,  Charing  Cross  Hospital, 
for  carrying  out,  with  special  care,  the  analysis  of  organs  for  iron  in 
my  later  cases  ;  and  to  Dr.  Eyre,  Bacteriologist  of  the  Hospital,  for 
bacteriological  reports  in  two  cases  of  the  disease. 

To  my  friend  Mr.  Stephen  Paget  I  am  greatly  indebted  for  much 
valuable  criticism  and  suggestion  in  the  revision  of  proof  sheets  in 
various  sections  of  this  work.  To  my  Publishers  I  also  desire  to 
express  niy  thanks  for  the  care  they  have  bestowed  in  the  reproduction 
of  the  various  figures  and  drawings,  and  especially  the  charts  of 
temperature  in  which  I  have  shown  the  relation  of  various  clinical 
features  to  one  another ;  as  well  as  for  continuous  courtesy  and 
consideration  during  the  passage  of  this  work  through  the  press. 

WILLIAM  HUNTER. 


103  Harley  Street, 

Febrtiary^  1 901. 
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PERNICIOUS  ANi^MIA. 

PART  I.-HISTORICAL. 

 ♦  

CHAPTER  I. 

In  the  introduction  to  his  well-known  work,  "  On  tJie 
Constitutional  and  Local  Effects  of  Disease  of  the  Suprarenal 
Capsules^'  Dr.  ADDISON  of  Guy's  Hospital,  London,  wrote 

(1855): 

"  As  a  preface  to  my  subject,  it  may  not  be  altogether 
without  interest  or  unprofitable  to  give  a  brief  narrative  of 
the  circumstances  and  observations  by  which  I  have  been  led 
to  my  present  convictions. 

"  For  a  long  period  I  had  from  time  to  time  met  with  a 
very  remarkable  form  of  general  anaemia  occurring  without 
any  discoverable  cause  whatever — cases  in  which  there  had 
been  no  previous  loss  of  blood,  no  exhausting  diarrhoea,  no 
chlorosis,  no  purpura,  no  renal,  splenic,  miasmatic,  glandular, 
strumous,  or  malignant  disease.  Accordingly,  in  speaking  of 
this  form  in  clinical  lectures,  I,  perhaps  with  little  propriety, 
applied  to  it  the  term  'idiopathic'  to  distinguish  it  from  cases 
in  which  there  existed  more  or  less  evidence  of  some  of  the 
usual  causes,  or  concomitants  of,  the  anaemic  state. 

"  The  disease  presented  in  every  instance  the  same  general 
character,  pursued  a  similar  course,  and,  with  scarcely  a  single 
exception,  was  followed,  after  a  variable  period,  by  the  same 
result. 

"  It  occurs  in  both  sexes,  generally,  but  not  exclusively, 
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beyond  the  middle  period  of  life  ;  and  so  far  as  I  at  present 
know,  chiefly  in  persons  of  a  somewhat  large  and  bulky  frame, 
and  with  a  strongly-marked  tendency  to  the  formation  of  fat. 

"  It  makes  its  approach  in  so  slow  and  insidious  a  manner 
that  the  patient  can  hardly  fix  a  date  to  his  earliest  feeling  of 
that  languor  which  is  shortly  to  become  so  extreme. 

"  The  countenance  gets  pale,  the  whites  of  the  eyes  become 
pearly,  the  general  frame  flabby  rather  than  wasted  ;  the  pulse 
perhaps  large,  but  remarkably  soft  and  compressible,  and 
occasionally  with  a  slight  jerk,  especially  under  the  slightest 
excitement.  There  is  an  increasing  indisposition  to  exertion, 
with  an  uncomfortable  feeling  of  faintness  or  breathlessness 
on  attempting  it ;  the  heart  is  readily  made  to  palpitate ;  the 
whole  surface  of  the  body  presents  a  blanched,  smooth,  and 
waxy  appearance ;  the  lips,  gums,  and  tongue  seem  bloodless  ; 
the  flabbiness  of  the  solids  increases  ;  the  appetite  fails  ;  extreme 
languor  and  faintness  supervene  ;  breathlessness  and  palpita- 
tion being  produced  by  the  most  trifling  exertion  or  emotion  ; 
some  slight  oedema  is  probably  perceived  about  the  ankles. 
The  debility  becomes  extreme ;  the  patient  can  no  longer  rise 
from  his  bed;  the  mind  occasionally  wanders;  he  falls  into  a 
prostrate  and  half-torpid  state,  and  at  length  expires.  Never- 
theless, to  the  very  last,  and  after  a  sickness  of  perhaps  several 
months'  duration,  the  bulkiness  of  the  general  frame  and  the 
obesity  often  present  a  most  striking  contrast  to  the  failure  and 
exhaustion  observable  in  every  other  respect. 

"  With  perhaps  a  single  exception,  the  disease  in  my  own 
experience  resisted  all  remedial  efforts,  and  sooner  or  later 
terminated  fatally. 

"  On  examining  the  bodies  of  such  patients  after  death  I 
have  failed  to  discover  any  organic  lesion  that  could  properly 
or  reasonably  be  assigned  as  an  adequate  cause  of  such  serious 
consequences ;  nevertheless,  from  the  disease  having  uniformly 
occurred  in  fat  people,  I  was  naturally  led  to  entertain  a 
suspicion  that  some  form  of  fatty  degeneration  might  have  a 
share  at  least  in  its  production ;  and  I  may  observe  that,  in  the 
case  last  examined,  the  heart  had  undergone  such  a  change, 
and  that  a  portion  of  the  semilunar  ganglion  and  solar  plexus, 
on  being  subjected  to  microscopic  examination,  was  pronounced 
by  Mr.  Quekett  to  have  passed  into  a  corresponding  condition. 
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"  Whether  any  or  all  of  these  morbid  changes  are  essentially 
concerned— as  I  believe  they  are— in  giving  rise  to  this  very 
remarkable  disease,  future  observation  will  probably  decide. 

"  The  cases  having  occurred  prior  to  the  publication  of  Dr. 
Bennett's  interesting  essay  on  LeucocythcBmia,  it  was  not 
determined  by  microscopic  examination  whether  there  did  or 
did  not  exist  an  excess  of  white  corpuscles  in  the  blood  of 
such  patients. 

"  It  was  while  seeking  to  throw  some  additional  light  upon 
this  form  of  anaemia  that  I  stumbled  upon  the  curious  facts 
which  it  is  my  more  immediate  object  to  make  known  to  the 
profession." 

Dr.  Addison  then  proceeded  to  describe  the  disease  of 
the  suprarenal  capsules  since  known  by  his  name,  "  Addison's 
Disease." 

In  these  terms  Dr.  Addison  described  what  was  really  a  new 
disease,  one  known  to  him  from  1849  onwards.  Under  the  title 
he  gave  it,  "  Idiopathic  Anaemia,"  the  condition  from  that  time 
forward  became  known  to  English  observers  ;  and  cases  were 
described  by  Dr.  WiLKS  (1857),  Dr.  Bristowe  (1858),  Dr. 
Habershon  (1863),  and  others.  Even  before  Addison's  formal 
description  in  1855,  a  typical  case  of  the  disease  had  been 
described  by  Dr.  Barclay  under  the  title  of  "Death  from 
Ancnemia"  (185 1).  It  was  also  recognized  by  Continental 
observers;  by  Lebert  (1858),  who  described  it  under  the  title 
of  "Essential  Anaemia";  by  Cazenave  (i860),  under  the  same 
title;  by  Wagner  (1864);  and  by  TROUSSEAU  (1868). 

Addison's  account  was  not  however  generally  known  ;  hence 
when,  in  1871,  the  same  condition  was  re-described  by  a  Swiss 
observer,  Professor  BlERMER  of  Zurich,  under  another  title, 
"  Progressive  Pernicious  Anosmia,"  claim  was  laid  to  the  dis- 
covery of  a  new  disease.  Biermer's  communication  took  the 
form  of  an  address  on  a  variety  of  Progressive  pernicious  ancemia 
often  observed  by  him,  which  seemed  to  be  generally  associated 
with  fatty  degeneration  in  the  circulatory  apparatus,  and,  in 
consequence,  with  capillary  haemorrhages  in  the  skin,  retina, 
brain,  meninges,  and  serous  membranes.  He  had  observed  the 
disease  for  the  last  five  years,  and  had  already  (1868)  made  a 
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preliminary  communication  upon  it.  Since  then  the  number  of 
his  cases  had  increased  to  fifteen,  so  that  it  could  be  said  that 
the  disease,  in  the  Canton  of  Zurich  at  least,  was  not  uncommon. 
It  was  found  amongst  poor  people ;  especially  in  women  about 
thirty  years  of  age,  among  whom,  in  addition  to  poverty, 
puerperal  conditions  appeared  to  be  favouring  causes.  It 
occurred,  however,  also  among  old  and  young  of  either  sex. 
The  youngest  patient  was  fifteen,  the  oldest  fifty-two.  In- 
sufficient and  unsuitable  feeding,  unhealthy  surroundings, 
discharges  —  especially  persistent  diarrhoea, —  sometimes  also 
haemorrhages,  usually  preceded  the  disease  and  caused  it.  The 
most  common  cause  according  to  his  observations  was  chronic 
diarrhoea,  with  and  without  gastric  disturbances.  Chlorosis 
appeared  to  be  but  rarely  a  cause ;  it  was  but  rarely  also  that 
the  disease  originated  spontaneously — without  a  cause.  Neither 
with  splenic  disease  nor  with  malaria  had  the  disease  any  con- 
nection. The  only  organic  lesions  which,  so  far,  had  been  found 
in  some  cases,  and  which  might  be  blamed  for  the  disease,  were 
follicular  ulcers  of  the  colon. 

The  Symptoms  were  the  following:  (i)  Appearances  of 
Anmnia  and  Hydrccmia. — Great  pallor,  poor  nutrition,  but  no 
disappearance  of  subcutaneous  fat  as  in  cancer  or  phthisis  ;  often, 
a  yellowish-white  complexion,  without  jaundice.  In  advanced 
cases,  slight  general  oedema  of  face,  feet,  hands;  also  some  ascites. 

(2)  The  usual  Nervous  Symptoms  of  anaemia. — Weakness, 
giddiness,  palpitation,  etc. 

(3)  Digestive  Disturbances  consequent  on  the  anaemia. — 
Anorexia,  weak  digestion,  sometimes  gastric  discomfort,  very 
often  periodic  diarrhoea. 

(4)  Circtdatory  Distiirbances. — Bruits  in  the  heart  and  great 
vessels,  the  former  so  marked  as  often  to  raise  the  question 
whether  valvular  disease  was  present.  The  bruits  were  systolic ; 
usually  harsher  over  the  base  than  over  the  ventricle,  where  they 
were  of  a  more  blowing  character.  The  murmurs  were  not 
always  to  be  heard  at  first,  but  they  always  appeared  later  and 
became  stronger.  In  the  arteries  of  the  neck,  bruits  were  also  to 
be  heard,  occasionally  also  over  the  jugular  vein.  If  the  heart's 
action  were  excited,  the  heart  impulse  diffused,  and  the  cardiac 
dulness  increased  (as  was  often  the  case),  the  picture  presented 
was  very  like  that  of  a  case  of  cardiac  disease,  and  might, 
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especially  as  fever  was  often  present,  be  mistaken  for  endocar- 
ditis. Post-mortem,  however,  nothing  of  the  kind  was  discover- 
able, but,  simply,  partial  fatty  degeneration  of  the  heart  muscle. 
The  heart's  action  was  usually  quickened,  the  impulse  diffuse 
and  undulating,  never  strong. 

(5)  Fever  \fa,s  unessential,  but  was  met  with  from  time  to  time 
in  nearly  all  cases ;  sometimes  very  slight,  at  other  times  more 
marked ;  without  special  type,  and  only  for  short  periods.  In 
one  case  it  was  for  a  time  like  that  of  a  case  of  typhoid  ;  it 
was  for  that  condition  that  the  patient  was  sent  into  hospital. 
Usually  it  was  slight,  and  apparently  causeless ;  hence  in  the 
clinic  it  was  often,  for  shortness  sake,  termed  "  anaemic  fever." 
He  thought  the  fever  was  of  a  "  humoral "  character ;  but  con- 
sidered it  also  possible,  that  the  small  haemorrhages  in  the  body, 
as  also  the  gastric  disturbances,  might  be  causes  of  it.  Definite 
local  causes  for  the  fever  were  not  to  be  found. 

'  (6)  Of  interest  also  were  the  Retinal  Hczmorrhages,  which 
were  generally  present  —  even  in  cases  in  which  there  were 
no  subjective  symptoms  of  visual  disturbance.  If  absent  in  the 
first  instance,  they  appeared  later.  In  one  case,  they  were  so 
severe  as  to  cause  sudden  loss  of  sight  in  the  left  eye.  They 
were  to  be  found  post-mortem,  and  formed  very  striking  pictures. 

(7)  Subcutaneous  HcemorrJiages  and  PetecJucB  were  not  so 
common.  Haematuria  and  epistaxis  were  only  once  observed, 
albuminuria  quite  exceptionally. 

(8)  Capillary  Hcemorrhages  in  the  brain,  the  subdural 
arachnoid,  and  in  the  pia  mater,  were,  on  the  contrary,  common, 
sometimes  without  any  characteristic  symptoms  during  life. 
One  patient  died  of  a  large  capillary  haemorrhage  in  the  brain. 
Another  was  seized  suddenly  with  pain  in  the  right  arm  and  leg, 
impaired  speech,  right  hemiplegia  (including  facial  paralysis), 
the  whole  symptoms  passing  off  in  half  an  hour.  Delirium  was 
often  present  in  the  later  stages. 

The  Course  of  the  disease  was  in  all  cases  one  of  gradual 
increase  of  anaemia  and  hydrsemia,  appearance  and  increase  of 
heart  symptoms,  accidental  capillary  haemorrhages,  serous 
effusions,  occasional  fever,  consequent  anorexia,  and  often 
diarrhoea.  Pneumonia  and  erysipelas  were  rarer  complication.^. 
Death  occurred  in  all  cases  with  the  exception  of  one,  which  left 
the  hospital  improved. 
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Post-JHOKiem,  in  addition  to  the  anaimia,  there  was  generally 
found  fatty  degeneration  of  the  musculi  papillares  of  the  heart, 
and  of  the  small  vessels — the  former  explaining  the  heart 
murmurs,  the  latter  the  capillary  haemorrhages.  The  papillary 
muscles  appeared  yellowish  and  mottled,  the  muscle  of  the  ven- 
tricular wall  and  septum  was  often  similarly  affected.  It  was 
exceptional,  however,  for  the  fatty  degeneration  to  be  excessive. 
In  the  large  arteries,  there  was  nothing  abnormal,  or,  at  most, 
slight  fatty  degeneration  of  the  intima  ;  this  latter  was  more 
common  in  the  smaller  arteries,  e.g.  oi  the  kidneys;  still  more 
common  in  the  capillaries,  especially  of  the  brain.  In  three  cases, 
small  flat  extravasations  were  found  on  the  subdural  arachnoid, 
without  however  any  sign  of  pachymeningitis ;  they  were,  there- 
fore, probably  purely  hasmorrhagic  in  origin,  and  connected  with 
the  fatty  changes  in  the  capillaries.  The  capillary  hsemorrhages 
in  the  brain,  retina,  epicardium,  and  pericardium  were  to  be 
referred  to  nutritive  disturbances  in  the  capillary  walls.  Both 
these  and  the  fatty  change  in  the  heart  muscle  were  caused 
by  the  altered  condition  of  the  blood,  and  were  analogous 
to  the  fatty  changes  caused  in  tissues  by  cutting  off  their 
blood  supply.  Liver,  Spleen,  and  Kidneys  shewed  nothing 
special. 

The  disease  thus  described  under  the  title  of  Progressive 
pernicious  anaemia  was  obviously  the  same  condition  as  the 
Idiopaihic  AncBJ/iia  oi  Addison,  ihQ  Essential  Anceviia  of  Lebert 
and  others.  It  was  no  new  disease,  as  Biermer  and  others  at 
first  thought.  This  fact,  however,  detracted  in  no  way  from  the 
originality  and  merit  of  Biermer's  observations.  Addison's 
account  was  evidently  not  known  to  him  ;  he  described  the  con- 
dition as  he  had  met  with  it  in  his  experience :  and,  above  all, 
while  previous  contributions  to  our  knowledge  of  the  disease  had 
been  few  and  isolated,  Biermer's  description  excited  general 
attention,  and  stimulated  observation  on  every  hand.  This  was, 
and  must  remain,  the  chief  merit  of  his  observations.  Apart 
from  that,  they  supplemented  Addison's  masterly  description  in 
two  essential  points ;  with  regard  namely  to  the  occurrence 
of  retinal  haemorrhages  during  life,  and  fever.  In  another  and 
more  important  point  they  were  at  variance  with  Addison's 
account.    The  latter  described  as  the  chief  feature  of  the  disease, 
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that  it  occurred  without  any  discoverable  cause  whatever,  and 
apart  from  the  usual  causes  or  concomitants  of  the  anaemic  state. 
Biermer  on  the  other  hand  described  it  as  specially  prevalent 
amongst  the  poorer  classes;  i.e.  in  the  very  class  of  people 
amongst  whom  the  ordinary  causes  of  ana;mia  were  most  to  be 
found.  The  influence  of  this  teaching  of  Biermer,  as  opposed  to 
the  original  teaching  of  Addison,  continued  to  be  felt  in  all  later 
work. 

During  the  next  few  years  following  Biermer's  account,  the 
disease  received  more  and  more  attention  ;  and  important  contri- 
butions were  made,  especially  by  Immermann  of  Basle  (1874  and 
1875),  and  Professor  QUINCKE  (1877);  also  by  Lebert  (1876), 
ScHEBY-BucH  (1876),  Pepper  (1875),  Lepine  (1877),  Osler 
and  Gardner  (1877),  Cohnheim  (1876),  Byrom  Bramwell 
(1877),  and  Stephen  Mackenzie  (1878). 

Professor  Immermann's  studies  were  of  special  value.  He 
drew  special  attention  to  the  fever,  the  probable  cause  of  which 
he  considered  to  be  the  great  diminution  in  the  number  of  red 
cells.  He  also  directed  attention  to  the  striking  resemblance 
between  the  disease  and  the  so-called  "  tropical  chlorosis " 
produced  by  the  intestinal  parasite,  Ankylostomiim  duodenale. 
He  distinguished  two  forms  of  pernicious  anaemia — one  primary^ 
due  to  blood  impoverishment,  arising  in  individuals  formerly 
healthy,  and,  apparently,  quite  spontaneously,  apart  from  disease 
or  from  weakening  factors  ;  progressing  to  the  extremest  degree, 
and  then  ending  fatally  ;  with  nothing  discoverable,  post-mortem^ 
that  could  not  be  ascribed  to  the  anaemia  present.  These  cases 
were  not  very  common.  The  other  group  of  cases,  secondary, 
arose  originally  from  known  causes,  or  at  least  with  their  help. 
They  began  as  common  or  secondary  anaemia,  and  then  took  on 
a  peculiarly  severe  character,  which  they  continued  to  maintain, 
even  although  in  the  meantime  the  apparent  original  cause  had 
ceased  to  exist.  The  etiology  of  the  disease  he  considered  to  be 
so  far  quite  obscure.  If  the  causes  were  such  as  Biermer 
described,  the  wonder  was,  that  more  people  did  not  suffer  from 
the  disease.  It  was  quite  inexplicable  to  him,  why  social  misery, 
pregnancies,  diarrhoea,  epistaxis,  and  the  like,  should  cause  the 
disease  relatively  often  in  Zurich,  as  Biermer  described  ;  while  in 
neighbouring  Basle  the  same  conditions  hardly  ever  produced 


8 


PERNICIOUS  ANEMIA. 


the  disease.  He  had  only  met  with  five  cases  of  the  disease 
among  7000  patients,  and  none  of  these  had  been  in  poor 
circumstances.  The  causal  factors  described  by  Biermer  had 
therefore,  in  his  view,  only  an  accessory,  not  a  cardinal  im- 
portance. 

Professor  Quincke's  contributions  added  much  to  our  know- 
ledge regarding  the  symptoms,  the  blood  changes,  and  the 
pathological  anatomy.  He  described  ten  cases.  In  half  his 
cases,  he  found  great  differences  in  the  size  of  the  red  corpuscles, 
and,  in  three  cases,  a  remarkable  variation  also  in  their  shapes — 
changes  since  included  under  the  term,  he  gave,  poikilocytosis. 
In  some,  there  were  no  fatty  changes  in  the  heart  muscle.  He 
found  no  changes  in  the  bone  marrow,  such  as  had  been 
described  by  Pepper  and  Cohnheim  ;  but  he  noted  an  increase 
of  iron  in  the  liver  from  the  presence  of  pigment — in  two  cases, 
in  the  kidneys  and  pancreas  also — an  observation  which  sub- 
sequently proved  to  be  of  importance,  although  at  the  time  it 
was  considered  as  not  possessing  any  special  significance.  He 
regarded  pernicious  anaemia  as  merely  an  extreme  condition, 
differing  from  other  forms  of  anaemia  only  in  its  intensity;  it 
might  arise  in  many  different  ways,  and  be  the  result  of  very 
various  morbid  conditions ;  loss  of  blood,  long-continued  dis- 
charges, defective  nutrition  might  all,  provided  they  were  of 
sufficient  intensity  or  duration,  be  factors  in  its  production.  It 
might  have,  for  purposes  of  classification,  a  clinical  existence, 
its  group  of  symptoms  being  fairly  uniform  and  distinctive ; 
but  it  was  not  a  separate  pathological  entity,  seeing  that  it  could 
be  induced  in  many  different  ways,  and  be  the  result  of  very 
different  morbid  conditions.  Some  forms,  being  found  in 
association  with  definite  structural  lesions,  such  as  malignant 
disease,  were  to  be  regarded  as  secojtdary  to  these  lesions  ;  other 
forms  in  which  these  lesions  were  absent,  were  primary  in  their 
nature ;  while  others  again,  and  these  perhaps  the  most  frequent 
in  their  occurrence,  belonged  to  neither  category,  and  could  only 
be  described  as  intermediate. 

In  1877  Dr.  Byrom  Bramwell  published  an  account  of  seven 
cases — this  account  being  specially  interesting  from  the  remark- 
able success  of  treatment  by  arsenic  in  three  of  the  cases.  He 
agreed  with  Quincke,  that  we  had  probably  in  pernicious 
anaemia  not  to  do  with  a  single  diseased  condition  ;  but  that, 
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like  anaemia  in  general,  it  was  the  product  of  extremely  various 
morbid  processes,  and  represented  the  very  last  stage  of  the 
anaemic  process. 

Lepine,  also  (1877),  as  the  result  of  a  careful  review  of  all 
the  cases  (fifty)  published,  arrived  at  much  the  same  conclusion. 
Under  the  term  essential  anaemia,  he  thought,  should  be  included 
not  only  primary  cases,  but  also  cases  depending  upon  recog- 
nized, and  more  or  less  adequate  causes,  such  as  insufficient 
food,  pregnancy,  dyspepsia,  and  diarrhoea ;  as  also  those,  in  which 
there  was  a  decided  affection  of  the  spleen,  lymph  glands,  or 
marrow. 

Dr.  Stephen  Mackenzie  described  three  cases,  and  sum- 
marized in  a  precise  way  the  chief  clinical  and  pathological 
features  of  the  disease,  in  a  lecture  in  1878.  He,  also,  thought 
it  probable,  that  in  idiopathic  anaemia  we  had  not  to  do  with 
any  one  morbid  state  dependent  upon  a  single  anatomical 
condition.  Rather,  we  had,  with  Immermann,  to  regard  the 
term  idiopathic  or  progressive  pernicious  anaemia  as  "  a  sort  of 
provisional  shelter  for  a  multitude  of  cases  possibly  of  various 
origins."  It  was  still  undecided,  whether  the  deficiency  of 
coloured  corpuscles  was  due  to  defective  formation  (anhaematosis), 
or  to  increased  destruction  of  the  corpuscles  (haemophthisis). 

Dr.  W.  Pepper  (1875)  suggested  as  an  alternative  title  for 
the  disease  the  term  "  anheematosis."  He  was  the  first  to 
describe  changes  in  the  red  bone  marrow — confirmed  later  by 
Cohnheim,  an  observation  he  regarded  as  bringing  pernicious 
anaimia  into  relation  with  the  myelogenous  variety  of  leukaemia. 

In  1877  appeared  tlie  first  monograph  on  the  disease — by 
Dr.  Hermann  Muller  of  Zurich.  It  contained  an  account  of 
sixty-two  cases,  observed  in  the  Zurich  Hospital — most  of  them 
(forty-four)  from  the  wards  of  Professor  Biermer,  with  a  detailed 
analysis  of  their  chief  clinical  and  pathological  features.  The 
general  results  of  his  studies  were  in  agreement  with  those  of 
Biermer,  more  especially  with  regard  to  the  etiology  of  the 
disease.  Like  the  latter,  he  emphasized  the  prevalence  of  the 
disease  amongst  the  poorer  classes,  and  especially  among 
women  ;  unfavourable  hygienic  surroundings  played  an  import- 
ant part  in  its  production.  And  yet,  as  he  noted,  these  could 
not  be  the  only  factors,  for  only  one  of  the  patients  had  actually 


lO 


PERNICIOUS  AN/EMIA. 


suffered  from  hunger  before  his  illness.  Most  of  them  had  previ- 
ously enjoyed  good  health.  On  the  other  hand,  according  to 
him,  not  a  single  case  of  the  disease  had  ever  been  observed  in 
one  of  good  position  in  life,  a  fact  which  distinguished  the 
disease  etiologically  from  leukaemia,  to  which  otherwise  per- 
nicious ana;mia  stood  in  the  closest  relation.  Pernicious 
anaemia  was  no  disease  of  the  town,  as  was  often  said 
of  chlorosis ;  it  was  no  disease  common  to  all,  such  as 
leukaemia. 

The  following  year  appeared  a  second,  and  even  more 
important  treatise  on  the  disease,  by  Professor  ElCHHORST  of 
Jena,  based  upon  a  minute  analysis,  and  study,  of  seven  cases 
observed  by  himself,  and  eighty-four  cases  (including  those  of 
Miiller)  collected  from  the  literature  of  the  subject.  Eichhorst 
admitted  to  the  full  the  claim  of  Addison  to  the  discovery  of 
the  disease  ;  while  at  the  same  time  claiming  for  Biermer's  studies 
the  merit,  that  they  brought  together  under  one  title  a  number 
of  different  forms  of  anaemia  possessing  certain  characteristic 
features  in  common.  The  chief  anatomical  characteristic  of  the 
disease  he  held  to  be,  that  in  addition  to  fatty  changes,  small 
haemorrhages,  and  (occasionally)  slight  congestion  of  spleen,  no 
other  changes  should  be  found  in  the  organs.  If  this  position 
were  not  taken  up,  then  one  would  be  entitled  to  regard  as 
pernicious  anaemia  every  disease  which  presented  anaemia,  and 
ended  fatally.  In  this  relation,  he  criticized  adversely  certain 
cases  described  by  Quincke  ;  and  even  Biermer  was  not  held  free 
from  blame  in  the  matter,  for  including  within  his  list  of  cases, 
some  which  showed  follicular  ulcers  of  the  colon.  As  regards 
etiology,  he  considered  Biermer's  claim  to  be  right,  "  that  a 
perfectly  spontaneous  origin  without  a  clear  etiology  was  the 
exception." 

He  summed  up  his  conclusions  as  follows  : — The  name  pro- 
gressive pernicious  ancBinia  denoted  no  one  condition,  no  special 
disease.  There  were  different  forms  of  the  disease  differing  in 
etiology  and  in  pathology.  As  regards  Etiology,  one  had  to 
distinguish  betwixt  primary,  essential,  idiopathic  forms ;  and 
secondary,  deuteropatJiic,  or  symptomatic  forms,  —  caused  by 
{a)  pregnancy  and  childbirth ;  {b)  disturbances  of  digestion ; 
{c)  haemorrhages  and  discharges  ;  and  {d')  unhealthy  surroundings. 
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(In  his  ninety-one  cases,  the  proportions  of  these  were,  twenty- 
four  primary,  and  sixty-seven  secondary.) 

As  regards  Pathology,  one  had  to  divide  the  disease  into 
those  forms  depending  on  disease  of  the  blood-forming  apparatus, 
and  those  in  which  there  was  an  abnormal  destruction  of  blood. 
This  applied  to  both  the  primary  and  secondary  varieties.  The 
above-mentioned  factors  did  not  operate  singly,  but  they 
mutually  affected  each  other  injuriously ;  and  it  was  by  this 
duality  of  cause  that  the  nature  of  the  disease,  as  regards  pro- 
gressiveness  and  perniciousness,  was  explained.  The  clinical 
picture  presented  by  the  disease  shewed  no  special  features ;  and 
one  was  therefore  not  justified  in  diagnosing  it  from  the  clinical 
features  alone.  These  latter  were  only  results  of  the 
anaemia,  or  of  a  condition  like  it ;  and  could  therefore  be  met 
with  in  other  forms  of  anaemia.  Nor  could  one  diagnose  a  per- 
nicious anaemia  from  the  anatomical  changes  \  none  of  these  were 
peculiar  to  the  disease,  they  were  merely  results  of  the  anaemia. 
The  diagnosis  could  only  be  made  on  a  combination  of  the 
clinical  and  pathological  features.  Only  one  form  of  the  disease 
could  be  recognized  during  life,  namely,  that  in  which  certain 
small  spherical  red  corpuscles  were  constantly  found  in  the 
blood  ;  these  were  to  be  regarded  as  red  corpuscles,  atrophied 
and  arrested  in  development.  This  form  of  the  disease  appeared 
to  be  traceable  to  disease  of  the  blood-forming  apparatus.  All 
other  changes  in  the  red  corpuscles  described  by  observers — 
variations  in  size  and  shape,  amoeboid  movements,  etc. — were 
only  the  results  of  anaemia  in  general,  not  of  this  particular  form 
of  anaemia.  The  proof,  that  certain  forms  of  the  disease  might 
depend  primarily  upon  disease  of  the  bone  marrow,  was  not  yet 
forthcoming;  since  one  could  regard  these  marrow-changes 
(which  after  all  were  not  constant)  as  results  of  the  anc^mia. 
And,  similarly,  there  was  no  sufficient  proof,  that  one  particular 
form  of  the  disease  might  arise  primarily  from  nervous  dis- 
turbances. 

In  1 88 1,  Dr.  Sidney  Coupland  gave  a  full  account  of  the 
disease  in  the  second  of  the  Goulstonian  Lectures  on  Anaemia. 
He  grouped  chlorosis  with  pernicious  anaemia  as  forms  of 
idiopathic  anaemia.  He  distinguished  two  great  classes  of 
anaemia,  the  symptomatic  and  the  idiopathic ;  broadly  speaking. 
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the  former  corresponded  to  the  secondary,  the  latter  to  the 
primary  forms  of  other  observers. 

Of  symptomatic  anaemia  he  distinguished  two  varieties,  the 
simple  in  which  the  anaemia  was  sHght,  and  the  pernicious  in 
which  it  was  profound,  as  in  wasting  diseases  generally.  Of 
idiopathic  anaemia  he  also  distinguished  two  varieties,  the  simple, 
e.g.  chlorosis,  in  which  the  anaemia  though  distinct,  and  con- 
stituting in  itself  almost  the  whole  of  the  disorder,  was  by  no 
means  dangerous  to  life  ;  and  the  pernicious,  exemplified  by  those 
forms  of  anaemia  now  under  consideration,  which  from  their 
clinical  characters,  and  their  tendencies,  deserved  the  titles  of 
'  pernicious  '  and  '  progressive.'  This  classification  had,  accord- 
ing to  Dr.  Coupland,  the  merit  of  distinguishing  between  the  two 
great  varieties  of  pernicious  anaemia  which  he  believed  to  exist — 
varieties  "destined  like  the  simpler  forms  to  be  merged  again 
into  one  when  etiology  was  perfected."  The  symptoms  of 
pernicious  anaemia  proper  were  those  of  simple  anaemia,  aggra- 
vated and  intensified,  its  effects  those  of  simple  anaemia  carried 
to  an  extreme  degree. 

In  1883  Dr.  Pye-Smith  gave  an  admirably  full  account 
of  the  condition  in  the  Guy's  Hospital  Reports,  based  upon  a 
study  and  analysis  of  103  selected  cases.  He  vindicated  in  the 
fullest  manner,  as  he  had  already  previously  done  (1875), 
claim  of  Addison,  as  the  observer  to  whom  belonged  the  credit 
of  giving  the  first  formal  description  of  the  condition.  He 
recognized  no  secondary  forms  of  the  disease,  as  others  had 
done.  Addison's  anaemia  "  stood  by  itself ;  idiopathic,  autoch- 
thonous, primary,  i.e.  it  did  not  depend  on  known  loss  of  the 
constituents  of  the  blood,  nor  on  diminished  income,  nor  on 
increased  destruction  of  formed  elements." 

From  a  clinical  point  of  view,  he  distinguished  three  classes 
of  anaemia,  namely : 

(i)  Secondary  or  Symptomatic  ancsinia,  e.g.  (a)  anaemia  of 
haemorrhage  (whether  from  accident  or  from  disease  of  blood 
vessels) ;  (d)  anaemia  from  suppuration  or  discharges ;  (c) 
anaemia  due  to  deficiency  of  blood  from  diminished  income 
(starvation,  dyspepsia,  malignant  disease,  rheumatism,  fever, 
phthisis,  syphilis,  and  malaria,  and  chlorosis).  All  these  forms 
agreed,  according  to  him,  not  only  in  being  symptomatic,  but  also 
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in  their  comparatively  slight  degree,  the  absence  of  leucocytosis, 
or  of  poikiiocytosis ;  in  the  absence  (with  very  rare  exceptions) 
of  pyrexia  not  due  to  the  primary  disease  ;  in  the  absence  of 
haemorrhages  in  internal  organs  resulting  from  the  anaemia ;  and 
in  amenability  to  treatment,  and  especially  to  treatment  by  iron. 

(2)  Anmnia  associated  with  disease  of  the  cytogenic  organs, 
whether  or  not  leukaemic,  eg.  leukaemia,  lymphatic  anaemia. 
This  group,  (from  which  it  will  be  noted  chlorosis  was  excluded), 
differed  from  the  preceding  group  of  secondary  anaemic  states 
as  well  as  from  chlorosis,  and  resembled  the  idiopathic  form 
described  by  Addison  in  the  following  particulars :  {a)  the 
frequency  of  haemorrhages, — usually  larger  in  amount  in  the 
former,  and  more  numerous  in  the  latter  ;  {b)  the  very  common 
irregular  pyrexia  ;  {c)  the  severity  and  ingravescence ;  id)  the 
resistance  to  preparations  of  iron,  and  more  or  less  marked 
influence  by  arsenic  ;  {e)  the  occasional  remittance  of  symptoms  ; 
and  (/)  the  almost  invariably  fatal  termination. 

(3)  IdiopatJiic,  primary,  or  essential  anosmia,  without  any 
symptoms  during  life,  and  without  any  lesions  after  death,  which 
could  not  be  explained  as  directly  due  to  anaemia.  The  absence 
of  leukaemia,  the  almost  constant  structural  changes  in  the  red 
discs,  and  the  absence  of  notable  overgrowth  of  spleen,  lymph 
glands,  or  red  marrow  distinguished  them  from  the  second 
group  ;  while  their  severity  and  malignancy,  the  ecchymoses  in 
the  retina  and  elsewhere,  the  pyrexia,  and  the  almost  uniformly 
fatal  result,  distinguished  them  from  the  first. 

With  regard  to  their  pathology,  such  cases  shewed  with 
equal  constancy  fatty  degeneration  of  heart,  numerous  but 
small  internal  haemorrhages,  and  slight  passive  exudations; 
but  no  lesion  which  could  not  be  ascribed  to  the  primary 
anrxmia.  The  true  note  of  the  malady  was,  not  its  severity,  nor 
even  its  fatality,  but  its  being  primary  (not  the  result  of  hjemor- 
rhage  or  of  organic  disease),  and  simple  (not  part  of  a  general 
disease).  With  regard  to  the  name  of  the  disease,  the  choice 
lay  betwixt  the  original  Idiopathic  Ancemia  given  by  Addison, 
Essential  Ancemia  used  by  Lebert  and  many  French  writers,  and 
Progressive  pernicious  Ancemia  given  by  Biermer.  Since  the 
first  was  the  name  first  given,  there  was  no  reason  to  use  any 
other,  till  we  could  replace  it  by  the  result  of  greatly  increased 
knowledge. 
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In  the  same  year  (1883),  a  very  valuable  monograph  on  the 
disease  was  published  by  Professor  Laache  of  Christiania  ;  based 
on  observation  of  eleven  cases;  containing  numerous  studies 
relating  more  especially  to  the  number  of  the  red  corpuscles  and 
their  richness  in  hjemoglobin,  both  in  this,  and  other  forms  of 
ansemia.  He  found,  that  the  diminution  in  the  number  of  cor- 
puscles was  even  greater  than  supposed  ;  but  much  more  import- 
ant and  characteristic  than  this,  in  his  opinion,  was  the  high 
haemoglobin  value  of  the  individual  corpuscles.  The  presence 
of  large,  deeply-coloured  corpuscles  he  considered  to  be  the  chief 
characteristic  presented  by  the  blood,  the  microcytes  of  Eich- 
horst,  and  the  poikilocytes  of  Quincke,  being  in  comparison  of 
little  importance. 

To  these  various  observations  were  added  certain  others, 
which  served  to  influence  to  no  slight  degree  the  views  existing 
regarding  the  nature  of  the  disease. 

As  early  as  1877,  and  subsequently  in  a  monograph  "On 
Atrophy  of  the  Stomach"  (1880),  Dr.  Samuel  Fenwick  de- 
scribed cases  of  atrophy  of  the  stomach,  which  presented  symp- 
toms identical  with  Addison's  description  of  Idiopathic  Anaemia. 
He  pointed  out,  that  general  atrophy  of  the  gastric  glands  was 
accompanied  by  intense  anaemia,  and  that  certainly  some  cases 
of  pernicious  anaemia  must  be  referred  to  it.  He  did  not  think, 
that  this  explanation  could  be  applied  to  all  cases  of  the  disease  ; 
some  might  be  due,  he  suggested,  to  other  morbid  conditions  of 
the  digestive  canal,  more  especially  to  chronic  tubular  gastritis. 
The  symptoms  were  not  the  immediate  result  of  the  atrophy  of 
the  stomach,  but  arose  from  the  deficiency  of  blood  produced 
by  it. 

The  view,  thus  apparently  the  prevalent  one,  that  pernicious 
an2emia  was  merely  an  extreme  condition  and  not  a  special  disease, 
received  support  from  another  side.  The  anremia  of  the  workers 
in  the  St.  Gothard's  Tunnel,  which,  like  '  tropical  chlorosis,' 
as  noted  by  Immermann,  presented  apparently  all  the  features 
of  pernicious  anaemia,  was  shewn  by  Baumler  (1881),  and 
Sahli  (1883),  to  be  associated  with  the  presence  of  the  intestinal 
parasite,  Ankylostomum  duodenale  ;  the  anaemia  generally  disap- 
pearing rapidly  on  their  removal.  And  subsequently  a  similar 
relation  was  shewn  by  Reyher  (1884),  and  RuNEBERG  (1888), 
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to  exist  between  a  form  of  anaemia  presenting  the  features  of 
pernicious  anaemia,  and  the  presence  of  another  intestinal  para- 
site— Bothriocephalus  latus. 

Up  to  this  time  (1888),  as  will  be  seen  from  the  foregoing 
account,  the  only  point,  about  which  observers  seemed  agreed,  was 
that  anaemia  sometimes  reached  an  exceptional  degree  of  severity, 
entitling  it  to  be  recognized  as  at  least  a  clinical  entity,  and  to 
be  distinguished  by  some  special  wdime— primary,  idiopathic,  essen- 
tial, or  pernicious,  as  the  case  might  be.  This  view  had  received 
strong  support,  from  numerous  observations,  shewing,  that,  corre- 
sponding to  the  general  appearance,  the  actual  blood  changes 
were  of  a  more  severe  character  than  those  met  with  in  ordinary 
forms  of  anaemia.  But  beyond  this  point,  there  was  no  general 
agreement. 

As  regards  Etiology,  a  wide  departure  had  been  made,  as 
the  result  of  Biermer's  teaching,  from  the  original  teaching  of 
Addison.  The  latter  considered  the  characteristic  feature  of  the 
condition  to  be,  that  it  occurred  "  without  any  recognizable  cause 
whatever" — without  the  operation  of  any  of  the  ordinary  causes 
of  anaemia.  The  great  majority  of  observers,^  following  Biermer, 
held,  on  the  contrary,  that  all  the  ordinary  causes  of  anaemia 
were  operative  in  producing  it,  and  that  there  was  nothing  dis- 
tinctive about  these  except  their  severity.  The  disease  might 
originate  in  very  various  ways  ;  be  the  product  of  extremely 
various  morbid  processes ;  the  chief  factors  in  its  production 
were  insufficient  nourishment,  unhealthy  surroundings,  haemor- 
rhages, and  wasting  discharges  ;  the  first  of  these  factors  being 
so  important,  that  in  the  opinion  of  Eichhor^t  the  disease  was 
never  met  in  the  well-to-do  classes.  In  short,  the  title 
idiopathic  or  pernicious  ancemia  was  "  a  sort  of  provisional 
shelter  for  a  multitude  of  cases  possibly  of  various  origins " 
(Immermann). 

As  regards  Symptoms,  these  were  also  held  to  be  in  no  way 
distinctive;  they  were  only  those  of  simple  anaemia  aggravated 
and  intensified.  They  were  not  even  distinctive  as  a  whole  ;  the 
disease  could  not  be  diagnosed  from  its  clinical  features  alone 
(Eichhorst) ;  even  those  who,  with  Quincke,  held  a  contrary 
view,  that  the  disease  constituted  a  clinical  entity,  admitting 

1  Immermann,  Quincke,  Mackenzie,  Bramwell,  Fenwick,  Eichhorst,  Coupland. 
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that  a  picture  of  the  disease  in  every  way  complete  could 
be  presented  by  cases  of  cancer  of  the  stomach,  cirrhosis  of 
the  stomach,  or  atrophy  of  the  stomach  (Fenwick),  or  intestinal 
parasites. 

As  regards  its  Morbid  Anatomy,  there  was  likewise  nothing 
distinctive  about  the  disease ;  it  was  not  due  to  any  one  morbid 
state,  or  any  one  anatomical  condition  ;  it  might  be  found  without 
any  lesions  that  could  not  be  ascribed  to  the  anaemia  itself ;  it 
might,  on  the  other  hand,  be  the  product  of  very  various  morbid 
processes,  e.g.  malignant  disease,  loss  of  blood,  atrophy  of  the 
stomach,  intestinal  parasites.  In  short,  the  disease  could  not 
be  diagnosed  from  the  anatomical  changes  alone  (Eichhorst). 
The  general  view  was,  that  there  were  two  types  of  the  disease  ; 
onQ  primaiy,  corresponding  to  Addison's  original 'description, 
occurring  without  any  lesion  which  could  not  be  ascribed  to  the 
degree  of  anaemia  present,  (a  comparatively  small  group) ;  and 
the  other  secondary^  associated  with  already  existing  disease 
(the  larger  group).  One  observer  only.  Dr.  Pye-Smith,  strove  to 
limit  the  disease,  in  the  sense  contemplated  by  Addison,  i.e. 
to  the  group  called  primary.  According  to  him,  the  disease 
shewed  "  no  lesion  which  could  not  be  ascribed  to  the  primary 
anaemia."  He  recognized  no  secondary  forms.  The  sugges- 
tion thus  was,  that  the  fact  of  any  lesion  being  discovered 
excluded  the  case  from  being  one  of  pernicious  anaemia.  This 
was,  however,  I  would  point  out,  not  in  accordance  with 
Addison's  own  teaching.  Addison  had  not  asserted,  that  no 
lesion  other  than  the  anaemia  should  be  present ;  but  only, 
that  he  had  "  failed  to  discover  any  organic  lesion  that  could 
properly  or  reasonably  be  assigned  as  an  adequate  cause  of 
such  serious  consequences" — a  conclusion  of  a  very  different 
character.  So  far,  indeed,  from  laying  it  down  as  a  criterion  of 
the  disease,  that  no  lesion  should  be  found  other  than  that 
ascribable  to  the  primary  anaemia,  he  himself,  and,  following  him. 
Sir  Samuel  Wilks,  had  felt  disposed  to  attach  a  causal  import- 
ance to  the  only  lesion  they  could  discover,  i.e.  the  fatty  degenera- 
tion observed  in  the  heart,  semilunar  ganglia,  and  solar  plexus. 
Addison  had  expressed  his  belief,  that  these  morbid  changes 
might  be  "essentially  concerned  in  giving  rise  to  this  very 
remarkable  disease" — a  point  that  future  observations  would 
have  to  decide. 
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Lastly,  as  regards  the  Nature  of  the  Ajtcemia,  no  definite  con- 
clusion had  been  come  to  ;  it  might  be  due  either  to  defective 
blood  formation,  or  excessive  waste  of  blood,  or  to  both  factors 
combined,  according  to  the  nature  of  the  determining  cause. 
The  chief  changes,  viz.,  the  great  reduction  in  the  number  of  red 
cells,  their  irregularity  in  size  and  form,  the  presence  of  nucleated 
forms,  the  great  deficiency  of  haemoglobin,  taken  along  with  the 
changes  in  the  bone  marrow  described  by  Cohnheim — all  these 
pointed  strongly,  in  the  opinion  of  most,  to  defective  blood  forma- 
tion as  the  real  nature  of  the  disease. 

On  the  other  hand,  the  high  colour  of  urine  observed  in  certain 
cases,  as  noted  by  Eichhorst,  Quincke,  Pye-Smith,  and  Bristowe, 
suggested  that,  in  certain  cases  at  least,  there  might  be  an  in- 
creased waste  of  blood — a  '  haemophthisis '  ;  such  cases,  according 
to  Quincke,  coming  under  the  category  o{  secondary  forms  of  the 
disease,  while  those  dependent  on  deficient  blood  formation  were 
to  be  regarded  as  primary. 

To  the  individual  blood  changes  themselves,  a  very  varying 
importance  was  attached  by  the  individual  observers :  Quincke 
attaching  most  to  the  deformity  of  the  red  cells  (poikilocytosis) 
described  by  him  ;  Eichhorst  to  the  presence  of  his  small  yellow 
spherical  corpuscles  ('  Eichhorst's  corpuscles ') ;  Laache  to  the 
relatively  high  haemoglobin  ratio  ;  Ehrlich  to  the  presence  of 
nucleated  corpuscles. 
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CHAPTER  II. 


INTRODUCTORY— WHAT  IS  PERNICIOUS  ANEMIA  ? 

[The  investigations  recorded  in  this  treatise  were  commenced  in 
1885,  with  the  object  of  throwing  Hght  on  the  pathology  of  that 
"  very  remarkable  form  of  general  anaemia  occurring  without  any 
discoverable  cause  whatever "  (Addison),  commonly  known  as 
pernicious  or  progressive  pernicious  anceniia.  The  results  recorded 
in  this  and  succeeding  Chapters  (I I. -IX.)  were  originally  pub- 
lished in  1888  under  the  titles,  "  Is  Pernicious  Anaemia  a  Special 
Disease?"^  and  "  An  Investigation  into  the  Pathology  of  Per- 
nicious Anaemia."-] 

What  is  ''Pernicious  Ancsmia'  ?  May  any  anaemia  become 
progressive  and  pernicious,  provided  it  grow  steadily  worse, 
prove  unamenable  to  treatment,  and  terminate  fatally  ?  In 
other  words — Is  it  merely  an  extreme  condition  ? 

Or  is  it,  on  the  other  hand,  a  special  form  of  anaemia  ?  Are 
its  clinical  and  pathological  features  sufficiently  marked  off  from 
those  of  other  apparently  similar  conditions  to  justify  us  in 
classing  it  apart  from  them,  and  in  regarding  it  as  a  form  of 
anaemia  sui  generis  ? 

From  the  account  already  given  and  the  extracts  appended 
below,  it  is  clear  that  the  majority  of  observers  are  of  the  first 
view.  They  hold  that  there  is  nothing  characteristic  about  it, 
either  clinically  or  pathologically ;  that  it  may  originate  in 
many  different  ways  and  be  the  product  of  very  various  morbid 
processes;  that  its  symptoms  are  those  of  simple  anaemia 
aggravated  and  intensified  ;  its  effects,  those  of  simple  anaemia 
carried  to  an  extreme  degree;  that  the  title  denotes  no  single 
disease,  but  that  there  are  different  forms  of  pernicious  anemia, 

^  Practitioner,  August  1888. 

2  The  Lancet,  September  22,  29,  October  6,  1888. 
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differing  in  etiology  and  in  nature :  some  primary,  essential, 
idiopathic  ;  others  secondary,  deuteropathic,  symptomatic  ;  some 
depending  on  defective  blood  formation,  others  on  abnormal 
destruction. 

"The  disease  may  originate  in  many  different  ways,  and  be  the 
product  of  extremely  various  morbid  processes, — loss  of  blood,  con- 
tinuous discharges,  insufficient  nourishment,  all  being  possible  factors 
in  its  development,  provided  they  last  sufficiently  long  and  are  of 
sufficient  intensity."  (Quincke.^) 

"It  is  a  clinical  entity  (not  a  pathological) ;  although  a  picture  of 
the  disease  in  every  way  complete  may  be  presented  by  cases  of  cancer 
of  stomach,  or  cirrhosis  of  the  stomach,  as  in  Nothnagel's  case.  Such 
cases  come  under  the  category  of  secondary  forms  of  the  disease,  while 
those  dependent  on  deficient  blood  formation  are  to  be  regarded  as 
primary.  In  addition,  cases  undoubtedly  occur  which  have  to  be 
considered  as  intermediate  forms  of  the  disease,  in  which  microcytes 
and  poikilocytes  occur  in  small  number,  but  which  are  not  so  severe 
as  ordinary  cases."  (Quincke.'-^) 

A  similar  conclusion  was  arrived  at  as  the  result  of  a  careful  review 
of  all  the  cases  (fifty  in  number)  published  up  to  1877.  (Lepine.^) 

"  It  is  probable,  as  several  writers  have  observed,  that  in  idiopathic 
anaemia  we  have  not  to  do  with  one  morbid  state  dependent  upon  a 
single  anatomical  condition.  As  Immermann  says,  we  must  regard 
the  term  idiopathic  or  progressive  pernicious  anajmia  as  'a  sort  of 
provisional  shelter  for  a  multitude  of  cases,  possibly  of  various  origins.' 
It  is  as  yet  undecided  whether  the  deficiency  of  coloured  corpuscles  is 
due  to  defective  formation  (anhrematosis),  or  to  increased  destruction 
of  the  corpuscles  (hsemophthisis)."    (Stephen  Mackenzie."*) 

"Probably,  as  Professor  Quincke  says,  we  have  not  to  do  with  a 
single  diseased  condition  ;  but  pernicious  anaemia,  just  like  anremia  in 
general,  is  the  product  of  extremely  various  morbid  processes,  and  repre- 
sents the  very  last  stage  of  the  anaemic  process."    (Byrom  Bramwell.^) 

"  In  pernicious  anaemia  and  leukaemia  we  have  to  do  with  two 
processes  not  essentially  different;  the  latter  possesses  the  power  of 
becoming  the  former."  (Litten.^) 

1  D.  Archivf.  klin.  Med.,  xx.,  1877. 

2  (A  later  modified  view),  D.  Archivf.  klin.  Med.,  xxv.  579. 
Rev.  mensticlle  de  MM.  et  de  Chincrg.,  1877,  pp.  59  and  124. 

■*  Lancet,  ii.,  1878. 

Med.  Times  and  Gaz.,  ii.,  1877. 
6  Berlin,  klin.  Woch.,  1877,  No.  19. 
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"  From  the  anatomical  and  clinical  standpoint  one  must  agree  with 
Quincke  that  under  the  name  'pernicious  anaemia'  is  to  be  understood 
nothing  more  than  the  '  highest  degree  of  ancemia ' — essential  or  non- 
essential, protopathic  or  deuteropathic,  idiopathic  or  symptomatic — apart 
altogether  from  the  way  it  has  arisen.  Since  it  in  general  presents  a 
certain  set  of  symptoms,  one  is  justified  in  speaking  of  it  as  a  '  clinical 
entity,'  rather  than  as  a  '  pathological  entity.'  If  the  etiology  of  the 
essential  anaemias  should  ever  be  made  clear,  ivhich  at prese?it  (1878) 
it  unfortunately  is  not,  we  should  be  in  the  happy  position  of  seeing  these 
hitherto  mysterious  diseases  ceasing  to  exist  as  pathological  entities,  and 
disappearing  altogether  from  the  field  of  special  pathology.  Personally, 
I  can  for  comfort's  sake  only  wish  that  not  the  first,  but  the  latter  will 
be  the  case,  and  the  sooner  the  better."  (Immermann.) 

"  Pernicious  anaemia  is  not  a  special  form  of  anaemia,  but  one 
which  may  result  from  very  different  causes."  (Eisenlohr.^) 

"Like  beri-beri,  scorbutus,  chlorosis,  etc.,  it  belongs  to  a  class  of 
constitutional  diseases  brought  about  by  disturbances  of  nutrition." 
(Wernich.2) 

"All  the  symptoms  common  to  the  disease  may  be  regarded 
as  due  to  want  of  haemoglobin,  whether  induced  by  disturbances 
of  nutrition  at  time  of  puberty,  e.g.  chlorosis,  or  by  loss  of  blood 
whether  direct  or  indirect  {e.g.  caused  by  ankylostomum  duodenale) ; 
and  in  all  cases  it  ends  in  pernicious  anaemia  if  it  last  long  enough. 
Symptoms  characteristic  of  pernicious  anaemia  are  not  to  be  found,  nor 
any  anatomical  changes  which  can  be  regarded  as  the  cause  of  the 
disease.  The  boundary  line  between  the  simplest  form  of  anaemia  and 
the  most  severe  is  purely  arbitrary ;  between  the  two  there  are  an  un- 
interrupted series  of  intermediate  forms,  and  hence  no  justification 
exists  for  entitling  a  special  variety  of  it  pernicious.  In  other  words, 
neither  as  regards  symptomatology  nor  etiology  can  it  be  regarded  as  an 
independent  disease."  (Runeberg.^) 

"There  are  two  great  varieties  of  pernicious  anaemia — the  synnptomatic 
(secondary),  and  the  idiopathic  (primary), — varieties  'destined  to  be 
merged  again  into  one  when  etiology  shall  be  perfected.'  The 
symptoms  of  pernicious  anaemia  proper  are  those  of  simple  anaemia 
aggravated  and  intensified ;  its  effects,  those  of  simple  anaemia  carried 
to  an  extreme  degree."    (Sidney  Coupland.'^) 

"The  anaemia  that  so  rivets  the  attention  is  only  a  symptom,  and 
may  arise  from  an  imperfect  performance  of  the  functions  of  any  of  the 


^  D.  Archiv f.  klin.  Med.,  xx,,  1877,  p.  495. 
'  Ibid,,  xxviii.,  188 1,  p.  500. 


"Ibid.,  xxi.,  1878,  p,  115. 
^Lancet,  i.,  1881,  p.  571. 
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organs  engaged  in  the  formation  of  the  blood.  General  atrophy  of  the 
gastric  glands  is  accompanied  by  intense  anaemia,  and  some  of  the  cases 
of  pernicious  anosmia  must  be  referred  to  it.  Others  may  be  due  to 
other  morbid  conditions  of  the  digestive  canal,  more  especially  to  chronic 
tubular  gastritis — a  morbid  change  that  is  analogous  to  the  smooth  white 
kidney  in  chronic  Bright's  disease.  During  life  the  more  prominent 
symptoms  can  be  most  easily  explained  by  the  supposition  that  the 
various  tissues  are  starved  of  their  usual  supply  of  nourishment — the 
gradually  increasing  anaemia  being  the  direct  result  of  the  disorganiza- 
tion that  has  taken  place  in  the  glandular  apparatus  of  the  stomach. 
Most  of  the  symptoms  are  not  the  immediate  results  of  the  atrophy  of 
the  stomach,  but  arise  from  deficiency  of  blood  produced  by  it."  (Samuel 
Fenwick.^) 

"  The  name  progressive  pernicious  anaemia  denotes  no  single  picture, 
no  single  disease.  There  are  different  forms  of  progressive  pernicious 
ansemia,  differing  in  etiology  and  in  nature — some  primary,  essential, 
idiopathic ;  others  secondary,  deuteropathic,  symptomatic ;  some  forms 
depending  on  disease  of  the  blood-forming  apparatus ;  others  in  which 
there  is  an  abnormal  destruction  of  blood.  The  clinical  picture  presents 
no  special  (pathognomonic)  features,  and  one  is  not  justified  in  diagnos- 
ing the  disease  from  the  clinical  features  alone.  They  are  only  the  con- 
sequences of  the  anaemia.  Nor  can  one  from  the  anatomical  changes 
diagnose  a  pernicious  anaemia,  since  none  of  them  are  peculiar  to  the 
disease,  but  only  results  of  the  anaemia."  (Eichhorst.^) 

On  the  other  hand,  there  appears  to  be  but  little  support  for 
the  alternative  view  that  the  disease  is  to  be  considered  as  a 
form  of  anaemia  by  itself — "idiopathic,  occurring  without  any 
discoverable  cause  whatever  "  (Addison) ;  "without  any  symptoms 
during  life,  and  without  any  lesions  after  death  which  cannot 
be  explained  as  directly  due  to  anaemia ;  not  depending  on 
known  loss  of  blood  constituents,  nor  on  diminished  income,  nor 
even  on  increased  destruction  of  formed  elements  —  essential, 
primary."  (Pye-Smith.) 

The  extracts  bearing  on  this  point  have  been  already  given  in 
the  previous  chapter,  as  was  also  the  case  with  several  of  the 
foregoing,  but  are  here  repeated  for  the  sake  of  completeness. 

"A  very  remarkable  form  of  general  anaemia,  occurring  without 
any  discoverable  cause  whatever — cases  in  which  there  had  been  no 

'  On  Atrophy  of  the  Stomach,  Lond.,  1 880. 
Die  progressive  pervicidze  Ancimie,  Leipzig,  1878. 
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previous  loss  of  blood,  no  exhausting  diarrhoea,  no  chlorosis,  no  purpura, 
no  renal,  splenic,  miasmatic,  glandular,  strumous,  or  malignant  disease. 
Accordingly,  in  speaking  of  this  form  in  clinical  lectures,  I,  perhaps 
with  little  propriety,  applied  to  it  the  term  of  '  idiopathic '  to  distinguish 
it  from  cases  in  which  there  existed  more  or  less  evidence  of  some  of 
the  usual  causes  or  concomitants  of  the  ancemic  state." 

"On  examining  the  bodies  of  such  patients  after  death  I  have  failed 
to  discover  any  organic  lesion  that  could  properly  or  reasonably  be 
assigned  as  an  adequate  cause  of  such  serious  consequences." 

"From  the  disease  having  uniformly  occurred  in  fat  people,  I  was 
naturally  led  to  entertain  a  suspicion  that  some  form  of  fatty  degenera- 
tion might  have  a  share  at  least  in  its  production  ;  in  the  case  last 
examined  the  heart  had  undergone  such  a  change ;  also  the  semilunar 
ganglia  and  the  solar  plexus." 

"  Whether  any  or  all  of  these  morbid  changes  are  essentially  con- 
cerned, as  I  believe  they  are,  in  giving  rise  to  this  very  remarkable 
disease,  future  observations  will  probably  decide."  (Addison.) 

"  Anjemia,  idiopathic,  primary,  essential,  without  any  symptoms 
during  life,  and  without  any  lesions  after  death  which  cannot  be  ex- 
plained as  directly  due  to  ansemia.  .  .  .  For  the  present,  it  seems  in 
every  way  desirable  to  separate  chlorosis  from  idiopathic  aniemia  in  our 
notions,  as  they  certainly  are  separated  in  our  practice.  Neither  the 
one  nor  the  other  can  be  definitely  put  aside  as  a  completely  known 
'  disease,'  because  in  both  cases  we  are  ignorant  of  the  efficient  cause, 
and  in  neither  are  we  able  to  point  to  any  definite  anatomical  lesion  as 
decisive  in  our  diagnosis.  So  far  from  extending  the  title  of  *  pernicious 
anaemia '  to  all  cases  in  which,  whatever  the  cause,  there  is  great  and 
progressive  diminution  of  the  red  corpuscles,  I  would  for  the  present 
exclude,  not  only  cases  of  chlorosis,  but  those  which  directly  follow 
menorrhagia  or  puerperal  flooding,  and  those  which  appear  to  result 
from  long  and  severe  dyspepsia,  chronic  diarrhoea,  or  any  other  recog- 
nized cause  of  anaemia.  In  such  cases  the  anaemic  condition  may  be 
regarded  as  more  or  less  secondary,  and  they  may  properly  be  grouped 
with  other  forms  of  secondary  or  symptomatic  anaemia." 

"  It  is  idiopathic,  autochthonous,  primary — that  is  to  say,  it  does 
not  depend  on  known  loss  of  the  constituents  of  the  blood,  nor  on 
diminished  income,  nor  on  increased  destruction  of  formed  elements." 
(Pye-Smith.i) 

"Two  theories  have  recently  been  proposed,  according  to  each 
of  which  there  is  a  local  starting-point  for  the  disease.  Cohnheim 
and   some  other  German   pathologists  have  found  that  in  certain 

'  Cufs  Hospital  Reports,  xxvi,,  1883,  p.  219. 
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cases  the  medulla  of  the  bones,  even  when  it  should  normally  be 
yellow,  has  a  deep  red  or  purple  colour,  and  that  is  due  to  the 
presence  of  large  numbers  of  cells,  including  many  which  are  globular 
and  nucleated,  but  which  yet  have  a  red  colour.  It  has  there- 
fore been  suggested  that  perhaps  pernicious  anaemia  bears  the  same 
relation  to  a  'myelogenous  leuksemia'  as  the  so-called  'splenic  anaemia' 
to  ordinary  '  splenic  leukaemia.'  But  in  some  instances  Eichhorst  and 
others  have  found  the  bones  perfectly  healthy.  And  for  my  own  part 
I  shall  prefer  to  adopt  Immermann's  hypothesis,  according  to  which  the 
medullary  changes,  when  they  are  present,  are  a  result  of  the  disease 
rather  than  the  cause  of  it,  and  perhaps  indicate  an  effort  on  the  part  of 
the  bones  to  take  an  unusually  active  part  in  the  generation  of  red  discs, 
in  compensation  for  the  failure  of  spleen  and  lymph  glands  to  maintain 
the  blood  in  a  normal  condition. 

"  The  other  theory  was  propounded  by  Dr.  Fenwick  in  the  Lancet 
in  1877.  He  thinks  that  atrophy  of  the  gastric  glands  may  be  the 
primary  lesion. 

"It  is  an  obvious  objection  that  one  would,  a  priori,  expect  wasting 
of  the  glands  of  the  stomach  to  produce  emaciation  of  the  body  to  at 
least  as  marked  an  extent  as  anaemia.  As  a  matter  of  fact,  however,  in 
Dr.  Fenwick's  cases  a  large  amount  of  fat  was  actually  present  at  the 
time  of  death,  both  beneath  the  skin  and  around  the  viscera. 

"  It  certainly  seems,  therefore,  that  the  attention  of  pathologists 
should  in  future  be  directed  to  this  question,  so  that  his  view  may  either 
be  confirmed  or  overthrown."  (Fagge.^) 

Lastly,  in  this  relation  the  gradual  development  both  of  interest  and 
of  knowledge  regarding  the  disease  may  be  well  brought  out  by  the 
references  to  the  subject  made  by  Dr.  Bristowe — one  of  the  earliest 
observers  of  the  disease — in  successive  editions  of  his  Theory  and 
Practice  of  Medicine. 

In  the  first  edition  (1876),  under  the  title  of  'Anaemia,'  the  only 
subject  treated  of  is  chlorosis.  In  the  third  edition  (1880),  also  in  the 
fifth  edition  (1884),  under  the  title  '  Idiopathic  Anaemia,'  two  conditions 
are  included,  chlorosis  and  pernicious  a?icemia,  and  the  description  of  the 
latter  is  in  identical  terms,  viz.,  "  Idiopathic  anaemia  is  a  form  of  anaemia 
coming  on  independently  of  any  organic  lesion  or  specific  dyscrasia. 
Two  varieties  are  recognized,  the  one  occurring  in  young  women,  which 
is  usually  amenable  to  treatment,  and  is  known  as  chlorosis ;  the  other 
arising  under  other  conditions,  almost  always  fatal,  and  described  by 
different  observers  under  the  names  of  '  idiopathic  anaemia,'  '  essential 
anaemia,'  '  progressive  pernicious  anaemia.'  Its  causes  are,  if  possible, 
even  more  obscure  than  those  of  chlorosis ;  occasionally  it  seems  to  be 

^  Principles  and  Frac/ice  of  Medicine,  vol.  ii.  p.  594,  1886. 
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induced  by  pregnancy.  It  is  characterized  mainly  by  occurring  as  a 
general  rule  in  those  who  from  age  or  sex  are  not  liable  to  chlorosis ; 
and  by  its  almost  invariably  fatal  result,  usually  in  from  six  to  twelve 
months.  During  life  cases  are  liable,  at  any  rate  for  a  time,  to  be  mis- 
taken for  cases  of  visceral  cancer,  undetected  hosmorrhages  from  the 
bowels,  Addison's  disease  without  melasma,  or  leucocythsemia ;  with  the 
last  two,  and  with  purpura,  pernicious  anaemia  has  manifest  and  close 
relations.  Its  pathology  is  not  at  all  understood.  In  addition  to  fatty 
degeneration,  hoemorrhages  and  dropsies,  and  an  affection  of  the  marrow 
of  bones  are  occasionally  observed." 

To  decide  on  the  proper  answer  to  the  questions  thus  raised 
is  not  an  easy  task.  Its  difficulty  may  be  gauged  by  the  fact  that, 
writing  in  1888,  Dr.  Bristowe  affirmed  the  state  of  our  knowledge 
to  be : — "  It  is  impossible  at  the  present  time  to  lay  down  any 
trustworthy  distinction  between  the  chlorosis  of  young  girls  and 
pernicious  anaemia,  except  such  as  depend  on  the  age  and  sex 
of  the  patient,  and  on  the  effects  of  treatment";  while  at  the 
same  time  he  expressed  his  belief  that  some  fundamental  differ- 
ence between  the  two  conditions  must  exist. 

This  fundamental  difference  it  has  been  the  object  of  the 
following  pathological  researches  to  discover. 

Nomenclature. 

From  the  clinical  standpoint  Biermer's  name  for  the  disease 
— progressive  pernicious  anaemia — is,  it  must  be  confessed,  a 
somewhat  unfortunate  one,  and  is  probably  accountable  for 
much  of  the  confusion  which  exists  on  the  subject.  The  terms 
progressive  and  pernicious  are  apparently  used  in  different  senses 
by  different  observers.  Any  anaemia,  whatever  be  its  true 
nature,  is  by  some  described  as  pernicious,  if  only  it  is  suffi- 
ciently profound  ;  and  it  is  described  as  progressive  merely  on 
the  ground  that  the  patient  does  not  recover.  Whatever  view, 
however,  we  hold  as  to  the  nature  of  the  disease,  there  can  be 
little  doubt  that  though  in  the  majority  of  cases  it  tends  ulti- 
mately towards  death,  it  is  by  no  means  uniformly  fatal.^  A 
sufficient  number  of  instances  have  been  recorded  in  which  not 
only  marked  improvement,  but  even  recovery  has  taken  place.^ 

1  Pye-Smith,  Gu/s  Hospital  Reports,  xxvi.,  1883,  219;  Padley,  Lancet,  ii.,  1883,  811. 
^[In  my  experience  the  recovery,  however  marked,  is  usually  only  temporary.] 
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From  the  point  of  view  of  pathology,  confusion  has  more- 
over arisen  from  the  vague  way  in  which  the  term  anaemia  is 
employed.  Annsmia  is  constantly  used  as  almost  synonymous 
with  pallor,  and  is  hence  applied  indiscriminately  to  the  most 
diverse  conditions  affecting  the  blood,  whether  the  disorder  be 
slight  and  involving  little  disturbance  of  health,  or  that  associ- 
ated with  the  severest  forms  of  wasting  or  malignant  diseases, 
or,  lastly,  that  characteristic  of  the  most  pernicious  form  of 
'pernicious  anaemia.' 

The  underlying  assumption  in  all  these  instances  appears  to 
be  that  the  changes  in  the  blood  on  which  the  pallor  depends 
are  always  the  same  in  kind,  varying  only  in  degree  in  different 
cases.  This  assumption  is,  T  believe,  groundless,  and  if  it  be 
cleared  away,  much  of  the  prevailing  confusion  as  to  the  path- 
ology of  'anaemia'  in  general,  and  of  'pernicious  anaemia'  in 
particular,  will  disappear  with  it. 

Literally  speaking,  the  word  anceniia  may  designate  any  con- 
dition in  which  some  degree  of  pallor  or  '  bloodlessness '  exists. 
But  we  must  distinguish  between  :  (i)  anaemia  that  is  only 
symptomatic  of  disease  elsewhere  than  in  the  blood  ;  and 
(2)  anaemia  in  which  the  changes  in  the  blood  are  the  chief 
or  characteristic  feature.  In  the  former  the  changes  in  the  blood 
are  not  more  marked  than  corresponding  changes  in  other 
tissues  not  the  seat  of  the  primary  disease.  In  the  latter  the 
blood-changes  are  the  most  marked  changes  found  in  the  disease, 
if  they  are  not  actually  the  disease  itself  In  all  wasting  diseases, 
such  as  malignant  disease,  phthisis,  chronic  suppuration,  etc., 
there  is  undoubtedly  a  degree  of  bloodlessness,  of  anaemia  in 
the  broad  sense  ;  for  there  is  less  blood  in  the  body,  and  that  of 
poorer  quality  than  in  health.  But  other  tissues  of  the  body  are 
likewise  wasted,  the  muscles,  the  adipose  tissue,  and  so  on  ;  and 
the  wasting  of  the  blood  simply  corresponds  to  this  general  loss 
of  substance  in  the  parts  not  specially  affected  by  the  primary 
disease.  The  general  disturbance  of  nutrition  affects  the  blood 
and  the  other  tissues  simultaneously,  and  in  the  majority  of  cases 
proportionately.  As  regards  the  muscles  indeed,  on  whose  con- 
dition the  appearance  of  the  patient  so  much  depends,  we  may 
find  that  the  changes  in  them  are  qualitatively  and  quantitatively 
more  marked  than  the  changes  in  the  blood  ;  and  this  occurs 
even  in  patients  whose  anaemia,  as  judged  by  the  pallor  only,  is 
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apparently  profound  enough  to  be  called  pernicious,  or  if  the  case 
ends  idXdWy,  progressive  and  pernicious.  But  if  the  marked  pallor 
is  alone  sufficient  to  identify  such  a  case  as  one  of  pernicious 
anaemia,  to  be  consistent  we  should  also  class  it  as  one  of  '  pro- 
gressive muscular  atrophy,'  the  changes  in  the  muscles  being 
even  more  marked  than  those  in  the  blood.  We  are  prevented 
from  so  describing  it  simply  by  the  knowledge  that  '  progressive 
muscular  atrophy'  is  not  the  result  of  general  malnutrition, 
however  profound,  but  is  due  to  changes  in  the  nutritional  centres 
of  the  muscles,  which  lie  in  the  anterior  horns  of  grey  matter 
in  the  cord.  We  have  hitherto  had  no  such  definite  knowledge 
of  the  pathological  changes  which  underlie  pernicious  ansemia ; 
and  hence  the  term  has  come  to  be  applied  to  forms  of  bioodless- 
ness  having,  I  find,  as  little  in  common  with  each  other  as  the 
muscular  wasting  of  phthisis  or  oesophageal  cancer  has  with  true 
progressive  muscular  atrophy. 


Classification. 

That  some  essential  difference  exists  between  certain  forms 
of  anaemia  has  of  course  long  been  known,  and  various  pro- 
visional classifications  have  accordingly  been  proposed  from 
time  to  time.  Thus,  as  has  been  hinted  above,  anaemia  has 
been  spoken  of  as  primary  or  secondary,  according  as  the 
blood-changes  constitute  the  chief  or  the  sole  character  of 
the  disease,  or  are  consequent  on  the  existence  of  demon- 
strable disease  elsewhere.  Chlorosis  is,  in  the  view  of  most,  an 
example  of  the  former;  the  anjemia  of  Bright's  disease  or  of 
cancer  of  the  latter.  For  ordinary  purposes  of  clinical  descrip- 
tion such  a  division  may  be  useful :  and  it  serves  to  distinguish 
broadly  two  apparently  distinct  types  of  anaemia.  But  such 
terms  as  'primary,'  and  'secondary,'  are  at  best  vague  and 
inapt,  and  they  have  no  pathological  significance.  In  no  case 
can  a  condition  of  anaemia  be  really  primary ;  in  every  case  it 
must  be  secondary  to  changes  in  some  organ  or  organs,  whether 
these  changes  are  manifest  as  in  the  wasting  diseases,  or  obscure 
and  difficult  of  recognition  as  in  chlorosis.  And  even  from  the 
clinical  point  of  view  the  distinction  is  useless,  when  the  question 
is  to  determine  the  separate  existence  of  such  a  form  as  per- 
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nicious  anaemia,  or  to  give  grounds  for  referring  a  given  case  to 
its  true  position.  To  one  observer  the  anaemia  in  a  given  case 
will  appear  primary,  since  he  finds  no  morbid  condition  sufficient 
to  account  for  it ;  to  another  it  will  appear  secondary,  if 
malignant  disease  is  suspected  during  life  or  discovered  after 
death. 

The  classification  proposed  by  Dr.  Sidney  Coupland  in  the 
Goulstonian  Lectures^  of  1881,  is  on  this  ground  open  to  criticism. 
He  distinguishes  two  great  classes  of  anaemia,  the  symptomatic 
and  the  idiopatJiic.  Broadly  speaking,  the  former  would  corre- 
spond to  the  secondary,  the  latter  to  the  primary  forms  just 
mentioned.  Of  symptomatic  anaemia  he  distinguishes  two 
varieties — the  simple,  in  which  the  anaemia  is  slight  ;  and  the 
pernicious,  in  which  it  is  profound,  as  in  wasting  diseases  gene- 
rally. Of  idiopathic  anaemia  he  also  distinguishes  two  varieties 
— the  simple,  including  such  conditions  as  chlorosis,  in  which 
the  anaemia,  though  distinct,  and  constituting  in  itself  almost 
the  whole  of  the  disorder,  is  by  no  means  dangerous  to  life  ; 
and  the  pernicious,  including  those  forms  of  disease  now  under 
consideration,  which  from  their  clinical  characters  and  their 
tendencies  deserve  the  titles  of '  pernicious '  and  'progressive.' 

This  classification  has,  according  to  Dr.  Coupland,  the  merit 
of  distinguishing  between  the  two  great  varieties  of  pernicious 
anaemia  which  he  believes  to  exist — varieties  "  destined  like 
the  simpler  forms  to  be  merged  again  into  one  when  etiology 
shall  be  perfected."  This  forecast  is  based  on  the  assumption 
that  the  anaemic  process  is  identical  in  the  two  varieties,  the 
forms  it  takes  differing  one  from  another  only  in  their  inten- 
sity— "  the  symptoms  of  pernicious  anaemia  proper  being  those 
of  simple  anaemia  aggravated  and  intensified  ;  its  effects  those 
of  simple  anaemia  carried  to  an  extreme  degree."  This  classi- 
fication I  regard  as  faulty  in  that  it  recognizes  two  varieties 
of  anaemia  each  entitled  to  be  called  '  pernicious.'  These 
varieties  have,  I  find,  really  little  in  common  as  regards  their 
pathology,  and  are  capable  of  being  distinguished  clinically. 
The  classification  in  fact  tends  only  to  perpetuate  the  prevailing 
confusion  as  to  the  clinical  and  pathological  existence  of  the 
disease  as  a  distinct  form  of  anaemia. 

I  would  endeavour  to  clear  up  in  some  measure  this  confusion 

1  Lancet,  i.,  i88i,  571. 
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by  defining,  as  clearly  as  our  knowledge  permits,  the  meaning  of 
the  terms  idiopathic  and  symptomatic  as  applied  to  ancemia.  The 
term  symptomatic  is  doubtless  open  to  the  objections  urged  against 
the  terms  primary  and  secondary — anaemia,  whatever  its  nature 
or  its  intensity,  must  always  indicate  the  existence  of  patho- 
logical changes  somewhere,  and  is  so  far  always  'symptomatic,' 
whether  for  example  it  be  the  anaemia  of  chlorosis  or  that 
attending  malignant  disease.  But,  nevertheless,  the  division 
into  symptomatic  or  idiopathic  varieties,  broadly  speaking,  is  not 
without  advantage  from  a  clinical  standpoint,  and  I  propose  for 
the  present  to  retain  it.^ 

I  begin,  for  clearness'  sake,  with  the  definition  of  the  term 
idiopathic ;  for  any  form  of  anaemia  not  coming  under  this  head 
may  then  be  regarded  as  symptomatic.  The  term  ancemia  I  use 
in  the  widest  sense  to  include  every  condition,  whether  local  or 
general,  in  which  the  blood  is  either  qualitatively  or  quantita- 
tively impaired.  Idiopathic  ancemia  is  therefore  a  condition 
resulting  from  diminished  production  or  increased  destruction  of 
blood,  these  disorders  of  haemogenesis  or  haemolysis  being  in 
excess  of  any  corresponding  changes  in  other  tissues  of  the 
body.2 

Before  we  can  describe  a  given  case  of  anaemia  as  truly 
idiopathic  it  must  comply  with  the  following  conditions  : — 

(1)  The  changes  in  the  blood  must  not  only  apparently  (as 
judged  by  pallor)  but  actually  (as  judged  by  examination) 
constitute  the  most  marked  feature  of  the  disease. 

(2)  The  other  chief  symptoms  of  the  disease  must  in  great 
part  at  least  be  referable  to  the  altered  condition  of  the  blood. 

(3)  With  regard  to  post-mortem  appearances,  the  changes 
in  the  blood,  whether  alone  or  in  association  with  changes  in 
the  blood-forming  (haemogenic),  or  blood-destroying  (haemolytic), 
organs,  must  constitute  the  characteristic  morbid  feature  of  the 
disease. 

'  [It  is  only  in  this  limited  clinical  sense  that  ihc  term  '  idiopathic '  is  here 
employed  at  all,  not  in  any  pathological  or  etiological  sense.  In  relation  to  etiology, 
the  use  of  the  term  '  idiopathic  '—e.g.  meningitis,  peritonitis— cannot  be  too  much 
deprecated.    It  is  a  mere  cloak  for  ignorance.] 

^  [The  anemia  of  loss  of  blood  I  have  for  a  long  time  been  accustomed  to  keep  in 
a  class  by  itself,  and  to  entitle  simply  '  traumatic  ancemia,'  In  reality,  regarded  purely 
clinically  (apart  from  cause),  it  is  the  most  perfect  example  of  idiopathic  anxmia  that 
exists.    That  is  to  say,  all  its  effects  are  solely  due  to  the  anaemia  prevailing,] 
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The  diagnosis  of  idiopathic  anaemia  during  life  will  therefore 
rest  upon — 

(1)  The  detection  of  certain  definite  changes  in  the  blood, 
the  changes  being  more  marked  than  the  concomitant  change 
in  any  other  tissue ; 

(2)  The  existence  of  a  definite  causal  relation  between  these 
changes  in  the  blood  on  the  one  hand,  and  the  clinical  features 
on  the  other  ;  and 

(3)  Post-mortem,  the  demonstration  that  the  special  morbid 
phenomena  present  must  be  referred  to  disorder  of  the  great 
processes,  haemogenic  and  hsemolytic,  on  which  the  condition  of 
the  blood  depends,  and  to  these  alone. 

These  propositions  may  be  illustrated  by  reference  to  the 
anaemia  of  phthisis  as  compared  with  that  of  chlorosis.  In 
phthisis,  the  blood-changes,  however  profound  the  pallor,  do  not 
by  any  means  constitute  the  most  marked  clinical  feature  of 
the  disease  ;  while  the  other  symptoms,  the  night-sweats,  the 
fever,  the  cough,  the  expectoration,  cannot  be  explained  by 
reference  to  those  blood-changes,  nor  are  they  dependent  on 
hsemogenic  or  haemolytic  disorder.  The  condition  of  the 
blood,  in  fact,  throws  no  light  either  on  the  nature  of  the  disease 
or  on  its  seat.  The  anaemia  of  phthisis  is  therefore  rightly 
classed  as  symptomatic. 

In  chlorosis,  however,  the  blood-changes,  especially  the  great 
diminution  in  haemoglobin  in  comparison  with  the  slight  diminu- 
tion in  the  number  of  red  corpuscles,  constitute  the  chief  clinical 
feature  (as  in  this  case  also  the  chief  pathological  feature)  of  the 
disease  ;  they  sufifice  in  themselves  to  account  for  the  remaining 
clinical  characteristics — pallor,  debility,  giddiness,  breathlessness, 
palpitation  ;  and,  lastly,  the  blood-changes  themselves  appear  to 
depend  on  disordered  blood-formation  or  haemogenesis.  It  is 
unnecessary  here  to  stop  to  discuss  at  length  the  nature  of  the 
dependence  of  the  blood-change  on  the  constipation  and  gastro- 
intestinal disturbance  generally  associated  with  chlorosis.  A 
single  reference  may  suffice.  Bunge^  has  satisfactorily  shewn  how 
the  excess  of  decomposition-products  in  the  intestine,  naturally 
accompanying  the  characteristic  constipation,  will  by  breaking 
up  the  organic  iron  compounds  of  the  food,  tend  to  prevent  the 
due  absorption  of  iron  in  the  only  assimilable  form,  and  so  lead 

1  "  Ueber  die  Assimilation  desEisens,"  Zciischr.f.  Physiol  Chemic,  1885,  49. 
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to  impaired  blood-production.  Chlorosis  may  therefore  be 
considered  an  idiopathic  anaemia,  haemogenic  in  its  origin,  due 
probably  to  a  deficient  supply  of  assimilable  iron  at  a  time  when 
the  recent  onset  of  menstruation  has  removed  a  certain  propor- 
tion of  the  already  small  supply  of  that  element  in  the  body. 

Let  me  now  apply  these  considerations  to  the  case  of  pernicious 
anaemia.  Here  the  blood-changes  certainly  constitute  the  most 
marked  clinical  feature  of  the  disease.  They  appear  in  them- 
selves to  account  for,  at  any  rate,  most  of  its  other  features — the 
extraordinary  pallor,  the  debility,  breathlessness,  and  palpitation, 
the  fatty  degeneration  of  the  vessels  with  the  attendant  haemor- 
rhages, and  all  this  without  any  characteristic  emaciation.  At 
this  point,  however,  a  distinction  appears  to  arise  between  per- 
nicious anaemia  and  e.^.  chlorosis,  considered  as  forms  of  idio- 
pathic amemia.  What  relationship  exists  between  the  blood- 
changes  and  the  remaining  characteristic  features  of  the  former 
disease — viz.,  the  peculiar  lemon-coloured,  sometimes  icteric,  tint 
so  frequently  observed,  the  occasional  attacks  of  jaundice,  the 
gastro-intestinal  troubles,  such  as  dyspepsia,  vomiting,  constipa- 
tion or  diarrhoea,  the  recurrent  pyrexia  usually  followed  by  aggra- 
vation of  all  the  previous  symptoms,  and  the  persistent  tendency 
of  the  disease  toward  a  fatal  issue — in  other  words  its  pernicious- 
ness?  Why,  moreover,  should  most  if  not  all  of  the  features 
regarded  as  more  or  less  characteristic  of  pernicious  anaemia  be 
sometimes  associated  with,  and  apparently  due  to,  definite  organic 
disease,  such  as  cancer  of  the  stomach  ;  while  in  other  instances, 
and  indeed  more  commonly,  the  same  symptoms,  with  a  degree  ot 
anaemia  far  in  excess  of  that  ever  observed  in  malignant  disease, 
occur  in  the  absence  of  any  such  organic  disease,  or  any  other 
obvious  lesion  ? 

Result  of  Studies. — This  gap  in  our  knowledge  it  has  been  the 
aim  of  these  investigations  to  fill  up. 

It  has  been  their  primary  object  to  learn,  with  special  refer- 
ence to  pernicious  anaemia,  whether  any  fundamental  differences 
exist  between  this  and  other  recognized  forms  of  anaemia,  and 
if  so,  in  what  these  differences  consist. 

Such  differences  I  find  to  exist.  When  we  come  to  compare 
the  blood  chattges  and  combination  of  clinical  features  \x\  pernicious 
anaemia  with  those  found  in  other  forms  of  anaemia  apparently 
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resembling  it,  I  find  that  these  alone  are,  either  in  character  or 
degree,  sufficiently  distinctive  to  mark  off  the  disease  as  a  special 
form  of  anremia. 

Still  more  distinctive  are  the  pathological  changes  which 
determine  these  specific  features.  The  pathological  changes  in 
pernicious  anaemia  are,  I  find,  no  mere  exaggeration  of  those  met 
with  in  other  forms  of  anaemia.  On  the  contrary,  they  are  in 
a  high  degree  distinctive. 

The  disease  is  thus  not  only  a  clinical,  but  also  a  pathological 
entity  ;  no  mere  aggravation  of  an  ordinary  anaemia,  but  a 
special  and  distinct  variety.  From  no  form  of  anaemia  is  it, 
in  my  judgment,  more  easily  distinguishable  patJiologically  than 
from  the  very  forms  which  clinically  it  appears  most  closely  to 
resemble,  viz.,  the  anaemia  of  malignant  disease,  of  wasting  dis- 
charges, and  of  loss  of  blood. 

The  pathological  observations  which  establish  those  conclu- 
sions have  been  of  two  kinds — anatomical  and  experimental. 

I  have  sought  to  learn,  in  the  first  instance,  what  anatomical 
changes  are  constantly  found  associated  with  this  form  of 
anaemia  ;  and  I  have  then  endeavoured  in  various  ways  to  produce 
similar  changes  experimentally  in  animals.  These  investigations 
will  be  described  in  the  following  pages  in  the  order  indicated 
above. 


FART  II.-MORBID  ANATOMY. 

 ♦  


CHAPTER  III. 

GENERAL  MORBID  ANATOMY. 

'lliE  anatomical  changes  hitherto  found  in  pernicious  anaemia 
have  been  somewhat  varied  and  numerous. 

Summary  of  Anatomical  Conditions. 

The  following  is  the  list  of  the  chief  conditions  summarized 
from  the  accounts  given  by  Eichhorst  (1878),  and  Dr.  Pye-Smith 
(1883). 

1.  SJ^in,  Mucous  Membranes  and  Serous  Membra7tes. — Pallor, 
usually  of  a  waxy  lemon  tint ;  oedema  of  subcutaneous  tissue  ; 
no  special  emaciation  ;  subcutaneous  fat  of  a  deep  yellow  colour ; 
punctiform  haemorrhages  in  the  mucous  membranes  (of  trachea, 
larynx,  root  of  tongue,  inner  aspect  of  epiglottis,  intestine, 
pelvis  of  kidney,  bladder  (and  even  of  gall  bladder),  pericar- 
dium, endocardium,  subdural  arachnoid,  pleura,  mesentery, 
peritoneum). 

2.  Muscles. — Very  pale,  sometimes  dry  and  reddish-brown  ; 
punctiform  liEcmorrhages  (rare)  ;  no  special  change  microscopi- 
cally in  muscles  of  trunk  ;  but  fatty  degeneration  in  intercostal 
muscles  and  in  diaphragm. 

3.  Nervous  System.  —  Capillary  haemorrhages  ;  subdural 
haemorrhages,  with  formation  of  membranes  ;  punctiform 
haemorrhages  in  pia  mater. 

4.  Organs  of  Sense. — Haemorrhages  into  retina. 

5.  Cardio-  Vascular  System. — Pericardial  effusion  ;  punctiform 
haemorrhages  in  pericardium,  endocardium,  rarely  myocardium  ; 
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marked  fatty  degeneration  of  myocardium,  especially  of  left 
ventricle  (almost  constant). 

6.  Lungs. — Subpleural  punctiform  haemorrhages  ;  hydro- 
thorax. 

7.  Mouth  and  (Esophagus. — Pallor  ;  punctiform  haemorrhages 
(rare). 

8.  Stomach.  —  Mucosa  very  pale;  punctiform  ecchymoses; 
sometimes  cedema  (Strieker  and  Quincke),  referable  to  the 
hydraemia  (Eichhorst)  ;  occasional  fatty  degeneration  of  cells  of 
tubules  (the  result  of  the  anaemia,  according  to  Ponfick,  Eich- 
horst and  Habershon)  ;  occasionally  deeper  changes,  e.g.,  cellular 
infiltration  with  haemorrhages  (Schumann);  atrophy  of  glands 
(Quincke,  Fenvvick). 

9.  Intestine. — Similar  changes  (usually  less  marked)  to  those 
in  stomach,  viz.,  pallor,  haemorrhages,  and  oedema  ;  the  latter 
more  frequently  observed  than  in  the  mucosa  of  stomach  (two 
out  of  five  cases — Eichhorst)  ;  not  general,  but  here  and  there  ; 
sometimes  in  colon  (Eichhorst),  upper  part  of  jejunum,  lower 
part  of  ileum,  and  whole  of  colon  (Eichhorst)  ;  occasionally 
slight  degrees  of  hyperaemia  ;  swelling  of  solitary  follicles  and 
Peyer's  patches  (Pepper,  Quincke,  Muller,  and  Eichhorst). 

10.  Mesenteric  Glands. — Hyperplasia,  and  slight  congestion. 

1 1.  Liver. — Fatty  degeneration  (Wilks)  very  common ;  absent, 
on  the  other  hand,  in  all  Eichhorst's  cases ;  size  normal  ; 
parenchyma  firm  in  consistence,  lobules  distinct.  Chemical  con- 
stitution :  Leucin  and  tyrosin  (one  case  Lebert,  also  in  lungs, 
spleen,  and  pancreas) ;  greyish-black  colour  due  to  iron — one 
case  (Grohe) ;  two  cases,  iron  percentage  2-i  and  0  6  (Quincke)  ; 
one  case,  percentage  0*5 187  (Rosenstein).  "  In  all  of  them  there 
is  the  suspicion  that  this  increase  is  an  artificial  one  due  to 
overloading  of  the  liver  with  iron  preparations"  (Eichhorst). 

12.  Gall  Bladder. — In  all  cases  filled  with  bile,  of  an  intense 
golden  colour,  darker  than  usual  (Eichhorst). 

1 3.  Pancreas. — Punctiform  h£emorrhages(Eichhorst,Quincke) ; 
unusually  large,  firm,  vascular,  otherwise  normal  (Broadbent)  ; 
leucin  and  tyrosin  (Lebert) ;  marked  fatty  degeneration  of  cells 
(Huguenin) ;  increase  of  iron  (Grohe). 

14.  Kidneys. —  Pallor  ;  sometimes  a  yellow  or  a  greyish-yellow 
colour  ;  more  or  less  fatty  degeneration  of  the  epithelium  of  the 
tubules  (Eichhorst  and  others),  common,  but  not  constant,  the 
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result  of  the  anaemia  (Eichhorst).  Chemical  cJianges  (but  few 
observations) :  leucin  and  tyrosin  (Lebert) ;  excess  of  iron  in  one 
case  0-32  per  cent.  (Quincke) ;  on  the  other  hand,  in  one  case 
0*0422  (Rosenstein) ;  probably  due  to  administration  of  iron — 
(Eichhorst). 

Blood  Organs. — Perfectly  normal  in  the  majority  of  cases 
(Quincke,  Lepine,  Bradbury,  Burger  and  many  others). 

15.  Bone  Marrow. — In  all  his  observations,  perfectly  normal 
both  to  naked  eye  and  microscopic  examination  (Eichhorst)  ;  all 
changes  described  by  others  (Cohnheim,  Osier  and  Gardner)  are 
secondary  to  the  anaemia,  not  the  cause  of  it  (Eichhorst);  marrow 
in  all  cases  intensely  red  ;  absence  of  fat;  presence  of  (i)  colour- 
less cells,  (2)  great  numbers  of  red  cells,  especially  of  spherical 
red  cells  of  different  sizes,  also  nucleated  red  cells  (Cohnheim, 
Pepper,  Osier  and  Gardner).  These  latter  cases  "  must  be 
separated  from  those  of  idiopathic  anaemia"  (Pye-Smith). 

16.  Spleen. — Size  varies,  at  first  normal ;  later  on,  moderate 
enlargement — the  result  of  the  disease  (Eichhorst) ;  spleen  pulp 
firm  in  consistence  (Eichhorst  and  many  others) ;  small  infarcts 
(several  authors).  Microscopically :  No  changes  ;  the  occasional 
enlargement  a  simple  hyperplasia  (Eichhorst).  Chemically: 
Leucin  and  tyrosin  (Lebert)  ;  increase  of  iron  (Grohe)  ;  0*2275 
per  cent.  (Rosenstein)  ;  the  result  of  therapeutic  administration 
(Eichhorst). 

17.  Lymph  Glands. — No  enlargement  of  general  lymphatic 
glands  ;  mesenteric  glands  often  shew  changes  ;  atrophy,  one  case 
(Krieg);  reddish  colour  (Miiller);  intumescence  (Fcrrand, Quincke, 
Schumann)  ;  swelling  in  three  out  of  five  cases,  "  secondary  to 
the  anaemia."  (Eichhorst.) 

A  consideration  of  these  changes  has  hitherto  failed,  and 
seems  at  first  sight  little  fitted,  to  throw  much  light  on  the  true 
pathology  of  the  disease.  As  the  result  of  my  studies,  I  divide 
them  into  three  groups  : — 

1.  Those  which  may  in  whole  or  in  part  be  regarded  as  the 
result  of  the  general  anaemia,  including  especially  pallor  and 
fatty  degeneration  in  various  organs  of  the  body. 

2.  Those  occasiojially  found  associated  with  the  clinical 
features  of  pernicious  anaemia,  and  which  appear  in  some  cases  to 
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be  its  cause,  including  especially  malignant  disease  and  various 
gastro-in  testinal  lesions. 

3.  Those  found  in  the  blood  itself  or  in  those  organs  con- 
cerned either  in  blood  formation  or  blood  destruction. 

I. — Anatomical  Changes,  the  result  of  the 
General  Anaemia. 

These  include, 

(1)  Pallor,  so  generally  observed  in  all  the  tissues  of  the 
body,  with,  in  my  experience,  only  two  exceptions — the 
spleen  and  the  bone  marrow,  both  of  which  frequently 
present  a  deep  plum  colour. 

(2)  Fatty  degeneration  so  frequently  met  with  in  varying 
degree  in  certain  tissues  of  the  body,  more  especially 
the  heart  muscles,  the  liver  and  kidneys,  and  in  the 
smaller  arteries  and  capillaries. 

(3)  Extravasations  met  with,  especially  in  the  retina  and 
elsewhere. 

Fatty  degeneration  of  the  heart,  originally  drawn  attention  to 
by  Addison,  is  a  condition  so  often  met  with  that  it  has  been 
regarded  by  various  observers,  amongst  others  by  so  great  an 
authority  as  Dr.  Wilks,  as  the  chief  pathological  lesion  to  be 
found  in  this  disease.  Pernicious  anaemia,  according  to  this  view, 
is  ordinary  anaemia  intensified  by  the  occurrence  of  this  change 
in  the  heart. 

There  is  no  doubt  that  more  or  less  marked  fatty  degeneration 
of  the  heart  muscles  is  found  in  the  great  majority  of  cases  of 
pernicious  anaemia,  and  is  a  marked  feature,  "  the  most  constant 
anatomical  condition  in  the  disease — its  absence  throws  doubt 
on  the  genuine  character  of  the  case  "  (Pye-Smith,  p.  62).  Dr. 
Coupland  found  that  in  no  fewer  than  sixty-four  out  of  seventy-six 
cases  this  condition  of  the  heart  was  expressly  stated  to  have 
been  present ;  in  six  no  mention  of  it  was  made,  and  in  six  the 
heart  was  described  as  healthy. 

Apart  altogether  from  the  likelihood — so  strong  as  to  amount 
to  certainty — that  this  change  in  the  heart  is  the  result  of  general 
anaemia,  it  is  certain  that  it  is  not  distinctive,  and  that  no 
essential  importance  can  be  attached  to  it.  Fatty  degeneration 
of  the  heart  is  met  with  in  many  other  conditions  of  disease  ;  it 
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has  been  described  as  occurring  to  a  very  marked  degree  in  a 
case  of  anaemia  resulting  from  metrorrhagia^  (I  have  met  with  a 
similar  case) ;  and  can  be  produced  artificially  by  bleeding  animals.^ 

Extravasations  are  common  in  the  retina,  and  not  unfrequent 
elsewhere.  Next  to  the  retina,  they  are  perhaps  most  common 
in  the  subdural  arachnoid  and  on  the  surface  of  the  brain.  In 
the  latter  situation  they  may  be  so  numerous  as  to  lead  (in  a  case 
that  came  under  my  own  observation)  to  the  formation  of  sero- 
gelatinous  cysts.  Other  sites  in  which  ecchymoses  may  be  found 
are  the  serous  membranes,  the  endocardium,  the  mucous  mem- 
brane of  the  stomach,  the  lungs,  oesophagus,  larynx,  and  trachea ; 
the  bladder,  pancreas,  and  gall  bladder ;  also  the  interstitial 
tissues  of  the  muscles  and  those  of  the  orbit.  The  haemorrhages 
are  usually  minute  in  size.  Epistaxis  is  sometimes  a  trouble- 
some and  frequent  symptom. 

[The  view  regarding  these  haemorrhages  taken  by  Professor 
Stockman  (1895)  is  that  they  are  the  actual  cause  of  the  anaemia. 
Pernicious  anaemia,  according  to  Professor  Stockman,  is  simply 
ordinary  anaemia  aggravated  by  repeated  capillary  haemorrhages. 
I  have  not,  however,  found  that  capillary  haemorrhages  occur 
with  such  frequency  or  magnitude  as  to  cause  so  marked  a  degree 
of  anaemia.  Moreover,  they  may  in  my  experience  be  entirely 
absent  even  in  severe  cases.] 


II. — Anatomical  Changes  occasionally  found 

ASSOCIATED  WITH  PERNICIOUS  AN/EMIA.^ 

In  certain  cases  the  features  of  pernicious  anaemia  are 
presented  by  patients  who  (either  during  life  or  after  death)  are 
found  to  be  the  subjects  of  definite  organic  disease  such  as  cancer. 
The  nature  of  this  association  has  proved  one  of  the  most 
difficult  points  to  elucidate  in  the  study  of  the  disease.  The 

^  Neumann,  Zeitschrifl  f.  klin.  Med.,  Bd.  iii.,  1881,  p.  414. 
^  Perls,  Virch.  Archiv,  1874. 

^  [This  section  has  for  me  a  special  interest.  In  the  order  in  which  it  is  here  con- 
sidered, it  appears  to  form  a  natural  preliminary  to  the  studies  which  hereafter  follow. 
As  a  matter  of  fact,  it  forms  one  of  the  last  series  of  conclusions  I  was  led  up  to. 
That  is  to  say,  the  subject  here  dealt  with  was  not  considered  by  me  till  the  end  of  my 
investigations,  just  prior  to  publication  {1888).  Up  to  that  time  all  I  knew  was,  that 
m  the  opinion  of  most  [v.  aiUea)  pernicious  ancemia  might  be,  and  often  was,  the 
result  of  "  most  various  morbid  processes,"  "  the  last  stage  of  the  anaemic  process,"  how- 
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mere  existence  of  organic  disease  in  such  a  case  has  been  held 
on  the  one  hand  to  prove  that  the  case  was  not  one  of  pernicious 
anaemia,  however  much  it  resembled  that  condition  clinically. 
On  the  other  hand,  assuming  it  to  have  been  pernicious  anaemia, 
the  concurrent  presence  of  another  disease  has  been  held  to  prove 
that  pernicious  anaemia  is  not  a  special  disease,  but  only  a  pro- 
found form  of  ordinary  anaemia. 

(i)  Relation  to  Malignant  Disease. — That  the  clinical  features 
of  pernicious  anaemia  appear  to  be  in  certain  cases  associated  with 
malignant  disease,  especially  cancer,  there  cannot  be  a  doubt. 
At  the  same  time,  the  frequency  of  this  association  has  been 
greatly  over-estimated,  mainly  owing  to  the  indiscriminate  use 
of  the  term  pernicioiis  to  designate  any  anaemia  or  any  pallor 
sufficiently  profound,  irrespective  of  actual  changes  in  the  blood  ; 
for,  as  will  presently  be  seen,  the  blood  changes  associated  with  the 
pallor  of  malignant  disease  are  totally  different  from  those  of 
pernicious  anaemia. 

Apart  from  these  doubtful  cases,  however,  a  certain  number 
have  been  recorded,  seeming  to  prove  that  all  the  characteristic 
features  of  pernicious  anaemia  may  be  presented  by  patients  the 
subjects  of  malignant  disease.  The  actual  number  of  such  cases 
recorded  is,  however,  remarkably  small,  considering  the  wide- 
spread impression  to  the  contrary — doubtless  for  the  reason 
above  noted  that  the  discovery  of  malignant  disease  post-mortem 
has  been  held  ipso  facto  to  cast  doubt  on  the  diagnosis  of  pernicious 
anaemia.  Thus  among  the  103  cases  from  the  literature  between 
1855  and  1883  collected  by  Dr.  Pye-Smith  there  is  no  mention 
of  malignant  disease  as  a  post-mortem  condition. 

The  only  cases  I  have  been  able  to  find  are  the  following  : — 

Quincke  ^  considered  that  all  the  symptoms  of  pernicious  ansemia 

ever  caused.  When  my  studies  here  detailed  led  me  back  to  the  portal  ana  as  the 
seat  of  the  haemolysis  which  I  found  to  characterise  the  disease,  and  consequently  back 
to  the  gastro-intestinal  area,  I  had  to  ascertain  how  this  conclusion  could  fit  in  with 
the  views  above  expressed,  according  to  which  all  sorts  of  morbid  conditions,  irrespec- 
tive of  site,  could  occasion  the  disease.  On  coming  to  deal  with  this  section  of  my 
subject,  I  found  to  my  surprise  that  all  the  various  morbid  processes  actually  described, 
including  even  malignant  disease,  zuere  exclusively  in  association  with  the  gastro- 
intestinal area,  a  fact  here  brought  out  for  the  first  time  in  the  history  of  the  subject.] 
1  "  Weitere  Beobachtungen  ulier  Perniciose  Anaamie  "  (Z),  Archiv  f.  klin.  Med., 
XXV.  p.  579). 
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might  be  presented  by  cases  of  carcinoma  ventriculi ;  one  case  of  this 
kind  having  come  under  his  notice. 

Eisenlohri  records  two  cases  of  pernicious  anaemia,  one  of  them 
occurring  in  a  woman  aged  forty-three  suffering  from  carcinoma  of 
stomach  of  two  years'  duration.  The  symptoms  then  gave  place  to 
those  of  pernicious  anaemia,  the  red  corpuscles  shewing  same  alterations 
as  in  first  case,  becoming  very  watery  and  almost  yellowish-red  in  colour. 
Retinal  haemorrhages  were  absent.  Post-mortem  the  conditions  found 
were,  anaemia  of  all  the  organs;  fatty  degeneration  of  liver  and 
kidneys ;  numerous  nucleated  red  corpuscles  in  bone  marrow,  although 
not  so  numerous  as  in  first  case.  He  agreed  with  Quincke  that  per- 
nicious anaemia  was  not  a  special  form  of  anaemia,  but  one  which  might 
result  from  many  different  causes. 

Litten  -  records  the  case  of  a  man  (formerly  healthy)  who  was  seized 
with  weakness,  want  of  appetite  and  vomiting,  and  who  on  admission 
presented  the  complete  symptoms  of  a  case  of  pernicious  anaemia 
(without,  however,  any  microcytes  in  the  blood).  After  a  three  weeks' 
illness  he  developed  a  pronounced  leukjemic  condition  of  blood,  which 
increased  rapidly  till  his  death  four  days  later.  Neither  spleen  nor 
glands  were  enlarged,  nor  were  the  bones  tender.  Post-jnortem, — 
General  anaemia ;  fatty  degeneration  of  heart ;  slight  swelling  of  follicles 
of  spleen  ;  and  leukaemic  nodules  in  kidney.  Bone  marrow  in  dia- 
physes  of  long  bones  of  dust-grey  colour,  with  several  larger  purulent, 
and  smaller  gelatinous  portions.  In  sternum,  ribs,  vertebrae,  and  pelvis 
nothing  abnormal.  In  the  affected  bone  marrow,  no  nucleated  red 
corpuscles.  The  fatty  heart,  Litten  thought,  was  to  be  ascribed  to  the 
anaemia,  since  in  pure  cases  of  leukaemia  it  did  not  occur  with  such 
intensity.  In  pernicious  anaemia  and  leukaemia  he  saw  two  processes 
not  essentially  different,  the  latter  possessing  the  power  of  becoming 
the  former.  In  the  present  case  he  thought  the  hyperplasia  of  bone 
marrow  resulting  from  the  pernicious  anaemia  was  the  occasion  of 
the  leukaemia. 

Grawitz  ^  has  described  three  cases  of  what  he  regards  as  malignant 
osteomyelitis  which  presented  the  features  of  pernicious  anaemia  during 
life. 

Case  I  is  the  foregoing  case  of  Litten's.  The  bone  marrow  changes 
he  regarded  as  the  result  of  a  malignant  osteomyelitis  which  had  led 

1  "Blut  und  Knochenmark  bei  progressiver  pernicioser  AiiDemie  und  bei  Magen- 
carcinom"  (Z>.  Archiv f.  klin.  Med.,  xx.,  1877,  p.  495). 

"  Ueber  Einen  in  medullare  Leuksemie  ilbergehenden  Fall  von  pernicioser 
Ansemie  nebst  Bemerkungen  liber  die  letzere  Krankheit "  {Berl.  klin.  IVochcn., 
1877,  No.  19). 

"  Maligne  Osteomyelitis  und  sarcomatose  Erkrankungen  des  Knochensystems 
als  Befunde  bei  Fallen  von  pernicioser  Ansemie  "  ( Virck.  Archiv,  Ixxvi.  p.  353,  1880). 
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to  death  under  the  clinical  features  of  pernicious  anaemia,  while  the 
leukaemia  was  a  secondary  production. 

Case  2  was  that  of  a  man  aged  thirty-one,  taken  ill  after  typhoid 
fever  with  all  the  symptoms  of  pernicious  anaemia.  Post-7nortem. — 
Fatty  heart ;  no  haemorrhages  into  retina  or  brain  ;  a  general  affec- 
tion of  bone  marrow — conversion  of  yellow  into  red  marrow ; 
but  in  addition  a  multiple  tumour  growth  in  base  of  skull,  in 
bodies  of  the  vertebrae,  the  ribs,  and  the  sternum ;  also  in  the  long 
bones,  with  distinct  metastases  in  the  liver  and  in  the  peritoneum. 
The  tumours  were  round-celled  sarcomata,  whose  tissue  was  with 
difficulty  distinguishable  from  the  red  bone  marrow.  Grawitz  thought 
that  an  increase  of  lymphoid  growth  in  consequence  of  the  anemic 
dyscrasia  had  occasioned  the  formation  of  metastatic  tumours. 

Case  3,  which  likewise  presented  the  features  of  typical  pernicious 
anaemia  (although  without  fever),  he  also  regarded  as  one  of  malignant 
osteomyelitis.  Post-mortem. — In  most  of  the  long  bones  there  was 
a  widespread  conversion  of  bone  marrow  into  a  soft  purulent-like 
cellular  growth,  with,  at  the  same  time,  a  thickening  of  the  cortical 
portions  of  the  bones ;  at  parts  the  periosteum  had  formed  small 
sarcoma-like  growths. 

Ehrlich  ^  describes  a  case  similar  to  the  preceding  one  of  Grawitz. 
A  man  with  all  the  appearances  of  severe  anaemia,  with  irregular  fever 
and  splenic  tumour,  suddenly  died  of  heart  failure.  There  was  found, 
post-mortem,  malignant  osteomyelitis  of  all  the  long  bones ;  enlargement 
of  spleen ;  multiple  sarcoma  and  fatty  degeneration  of  heart.  He 
considered  the  sarcoma  to  have  followed  on  the  anaemia. 

These  cases,  it  will  be  seen,  are  not  entirely  free  from  question 
as  to  the  character  of  the  anaemia  present. 

From  a  pathological  point  of  view,  however,  even  one  case, 
such  as  the  foregoing,  would  be  of  sufficient  interest  to  raise  the 
question  : 

What  is  the  nature  of  this  connection  } 

That  malignant  disease  is  not  usually  characterised  by  the 
clinical  features  and  blood  changes  of  this  variety  of  anaemia  is,  I 
consider,  certain  {vide p.6i).  Hence,  when  exceptionally  the  two 
are  found  in  association,  the  question  arises — Have  the  special 
clinical  features,  including  the  blood  changes,  met  with  in  perni- 
cious anaemia  been  stamped  on  those  proper  to  malignant 
disease  without  further  anatomical  morbid  change  than  that 
constituted  by  the  malignant  disease  itself?     Or  have  other 

1  "  Beobachtungen  iiber  einen  Fall  von  pernicioser  progressiver  Anaemie  mit 
Sarcombildung  {Centralbl.  f.  d.  vied.  IVissemch.,  i88o,  p.  484). 
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anatomical  changes  special  to  pernicious  anaemia  been  super- 
added to  those  independently  existing  ? 

The  cases  recorded  by  Litten,  Grawitz,  and  Ehrlich  may  be 
excluded  from  consideration  in  this  relation.  In  all  of  them 
these  observers  were  agreed  in  referring  the  new  growths  to  the 
anaemia  rather  than  conversely. 

The  other  cases  of  this  nature  recorded  have  been  cases  of 
malignant  disease  of  the  stomach.  Nevertheless,  I  have  to  point 
out  that  malignant  disease  of  the  stomach  is  constantly  met 
with,  runninsf  its  course  to  the  fatal  termination  without  the 
blood  presenting  any  changes,  and  without  any  clinical  features, 
other  than  those  of  ordinary  wasting  diseases.  Even  then  the 
resemblances  are  only  superficial.  They  relate  to  degree  of 
pallor,  or  lemon  tint  of  skin  only.  The  blood  changes  are  totally 
different  in  the  two  conditions.^ 

It  is  equally  without  doubt  that  all  the  features  of  pernicious 
anaemia  in  their  fullest  intensity  may  be  presented  by  cases  in 
which  no  definite  organic  changes,  whether  of  malignant  or  of 
other  nature,  are  to  be  found. 

Hence  I  conclude,  on  general  grounds  alone,  that  when  the 
two  conditions — malignant  disease  and  pernicious  anaemia — are 
found  associated,  the  connection  is  to  be  regarded,  if  not  precisely 
as  accidental,  at  least  as  not  essential ;  that  the  malignant  disease 
per  se  does  not  constitute  the  essential  anatomical  change  under- 
lying the  pernicious  anaemia  associated  with  it,  however  much 
m  certain  situatio7is  it  may  at  times  be  associated  with  effects 
resembling  pernicious  anaemia.  Not  otherwise  can  one  explain 
why  malignant  disease,  even  in  the  stomach,  is  not  more  often 
found  associated  with  the  features  and  blood  changes  of  per- 
nicious anaemia. 

(2)  Relation  to  Gastro-intestinal  Lesions, — In  the  case  of  another 
group  of  anatomical  changes,  it  is  not  so  easy  to  decide  what  the 
precise  relation  between  them  and  the  anaemia  is.  This  applies 
to  the  very  various  gastro-intestinal  lesions  sometimes  met  with 
in  patients  dying  of  this  disease. 

The  comparative  frequency  with  which  I  find  gastro-intestinal 
changes  are  recorded  in  connection  with  the  disease  appears  at 
first  sight  to  lend  colour  to  the  view  held  by  most  observers,  that 

^  Vide  posiea,  p.  61. 


42 


PERNICIOUS  ANEMIA. 


pernicious  anaemia  cannot  be  regarded  as  a  special  disease,  but 
is  merely  the  outcome  of  a  profound  disturbance  of  nutrition 
such  as  is  met  with  in  greater  intensity  in  gastric  disease  than  in 
any  other.  This  view  is  apparently  borne  out  by  the  fact  that  often 
no  recognisable  lesions  other  than  those  of  the  gastro-intestinal 
tract  have  been  detected  post-mortem.  The  lesions  and  changes 
so  recorded  are  as  various  as  they  are  numerous,  and  include — 

AtropJiy  and  fatty  degeneration  of  tJie  gastric  glands  ;  ^ 

Cirrhotic  changes  in  the  stojnach,  with  disappearance  of  the 
gastric  glands  ;  - 

Interstitial  infaimnatioft  of  the  gastric  mucosa^  with  partial  or 
total  atrophy  of  the  gastric  glands  ;  ^ 

Ulcers  of  the  stomach  and  duodemun  ;  * 

Duodenitis ;  ^ 

Degenerative  changes  in  the  sympathetic  ganglia  of  the 
abdomen  ;^ 

Similar  changes  vi.  the  nerves  of  Meissner's  and  Auerbaclis 
plexus  in  the  intestinal  wall ; 

Diphtheritic  colitis,  (Quincke) ;  slight  intestinal  ulceration, 
(Bramwell) ;  fatty  degeneration  of  gastric  and  intestinal 
tubules,  (Burger);^  ulcers  of  colon,  (Biermer). 

The  presence  of  intestinal  worms? 

In  no  other  portion  of  the  system  have  the  morbid  changes 
found  in  association  with  pernicious  anaemia  been  so  various  or 
so  numerous.  But  the  very  number  and  variety  of  these  lesions 
make  it  difficult  on  general  grounds  alone  to  assign  essential 
importance  to  any  one  of  them  as  the  chief  pathological  factor  in 
pernicious  anaemia.  Some  of  them,  on  the  one  hand,  such  as 
atrophy  and  degeneration  of  various  parts  of  the  intestinal  wall, 
may  be  as  much  the  result  as  the  cause  of  the  disease  ;  while,  on 
the  other  hand,  similar  or  even  more  marked  changes  in  the 

1  Fenwick,  Lancet,  ii.,  1877,  p.  77  ;  Atrophy  of  the  Stomach,  London,  1880. 
-  Nothnagel,  Deutsches  Arch.  f.  klin.  Med.,  xxiv.  p.  353. 
^  W.  Nolen,  Central!),  f.  d.  vied.  Wiss.,  1882,  p.  767. 

Zd.hn,  Jahresb.  iih.  d.  gesaminte  Med.,  1S82,  ii.  p.  218;  Lilten,  Bcrl.  Idi>i. 
Woih.,  1880,  p.  693. 

^  Homolle,  Centralb.f.  d,  vied.  Wiss.,  1879,  p.  815. 

'2,7ssi\\,  fahresb.  iib.  d.  gesaminte  Med.,  1881,  ii.  p.  239. 
''  Sasaki,  Virch.  Arch.,  xcvi.  p.  287. 

**  Quoted  by  Pye-Smith  (103  collected  cases),  Guy's  Hospital  Rep.,  op.  cit. 
Baumler,  Centralb.  f.  d.  ined.  Wiss.,  1881,  p.  560;  Sahli,  Deutsches  Arch,  f. 
klin.  Med.,  1883,  xxxii.  p.  421. 
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gastro-intestinal  tract  are  frequently  found  without  the  features 
of  pernicious  anaemia. 

As  in  the  case  of  mah'gnant  disease,  so  here,  the  question  to 
determine  is  how  far  these  lesions  are  to  be  regarded  as  the 
essential  morbid  anatomical  change  underlying  the  anaemia  some- 
times associated  with  them.  What  importance  is  to  be  attached 
to  them  in  those  cases  in  which  they  are  present  ? 

To  obtain  an  answer  to  this  question,  it  is  necessary  to 
consider  the  various  changes  individually. 

( I )  Changes  in  Gastric  M iicosa. 

It  will  be  noted  how  frequently  changes  in  the  gastric  mucosa 
— thickening,  interstitial  inflammation,  and  atrophy  of  the  gastric 
glands — have  been  described.  To  these  points  particular  atten- 
tion has  been  drawn  by  Dr.  Fenwick,^  who  has  shewn  that 
general  atrophy  of  the  gastric  glands  is  accompanied  by  intense 
anaemia,  and  that  some  of  the  cases  of  pernicious  anaemia  must 
be  referred  to  this  cause,  while  others  may  be  due  to  morbid 
conditions  of  the  digestive  canal,  more  especially  to  chronic 
tubular  gastritis.  According  to  him,  the  symptoms  of  atrophy 
of  stomach  are  identical  with  Dr.  Addison's  description  of 
'Idiopathic  anaemia';  although,  all  cases  of  pernicious  anaemia, 
he  admits,  cannot  be  ascribed  to  gastric  atrophy. 

Dr.  Fenwick  records  seven  cases  of  this  kind,  in  all  of  which 
there  existed,  along  with  extreme  anaemia,  well-marked  and  exten- 
sive atrophy  of  the  secreting  tubes  of  the  stomach — in  one  case  to 
such  an  extent  that  a  part  of  the  mucous  membrane  when  tested 
proved  incapable  of  furnishing  an  artificial  digestive  fluid.  Hence 
he  concludes  "that  the  gradually  increasing  anaemia  is  the 
direct  result  of  the  disorganization  that  has  taken  place  in  the 
glandular  apparatus  of  that  important  organ." 

Pain  after  eating  was  not  complained  of,  and  the  vomiting 
was  only  occasional,  so  that  there  was  no  evidence  of  a  chronic 
inflammatory  condition  of  the  stomach, — thus  shewing  that  the 
destruction  was  the  result  rather  of  a  slow  degenerative  process 
than  of  an  inflammatory  one. 

The  prominent  pathological  condition  observed  during  life 
was  one  of  intense  anaemia  without  wasting,  and  all  the  more 

1  The  Lancet,  vol.  ii.,  1877,  pp.  i,  39,  77  ;  Atrophy  of  the  Stomach,  London, 
1880. 
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prominent  symptoms  accompanying  it  could  be  most  easily 
explained  by  the  supposition  that  the  various  tissues  were  starved 
of  their  usual  supply  of  nourishment.  It  was  clear  that  some  of 
the  cases  Dr.  Addison  had  in  view  when  he  wrote  were  instances 
of  atrophy  of  the  stomach,  but  it  was  equally  certain  that  not  all 
those  at  present  grouped  under  the  head  of  pernicious  anaemia 
were  of  this  nature. 

The  anaemia  that  accompanies  atrophy  of  the  stomach  was 
the  result  of  imperfect  secretion  of  the  gastric  juice  consequent 
upon  it.  He  was  induced  to  regard  the  fatty  state  of  the  gastric 
tubules — so  frequently  noted  by  authors  in  those  dying  of  per- 
nicious anaemia — as  often  the  cause,  instead  of  being  merely  the 
consequence,  of  the  malady. 

Nolen  has  also  directed  special  attention  to  this  condition. 
In  two  cases  he  found  the  stomach  small,  walls  thin,  the 
epithelium  and  glandular  cells  degenerated,  and,  in  some  places, 
no  glands  at  all.  He  considered  the  glandular  condition  the 
essential  cause  of  the  anaemia — which  he  therefore  thought 
should  be  called  secoftdary. 

Nothnagel  ^  found  the  stomach  in  one  case  extremely  small, 
with  walls  thickened,  and  cutting,  at  parts,  like  cartilage.  In  the 
region  of  the  cardia  there  was  loss  of  glands. 

[Mucous  membrane  intensely  anaemic,  apparently  thinned, 
and  with  very  smooth  surface.  Microscopically  (by  Professor 
Weichselbaum),  mucous  membrane  appears  considerably  dimin- 
ished; the  intertubular  connective  tissue  increased,  and  markedly 
infiltrated  with  small  cells,  especially  in  the  deeper  parts ;  peptic 
glands  displaced,  and  shortened  by  this  infiltration.  The  con- 
dition, one  of  chronic  gastritis,  with  small-celled  infiltration, 
and  atrophy  of  the  mucous  membrane.  (Mader.)^ 

Stomach  contained  a  quantity  of  brownish  mucus,  and 
there  were  a  few  small  ecchymoses  in  the  mucous  membrane, 
and  evidences  of  acute  or  chronic  gastric  gastritis.  (Holt.)^ 

Mucous  membrane  pale,  with  several  punctiform  haemor- 
rhages. Mucosa  of  stomach  and  intestine  to  the  naked  eye 
unchanged.     Microscopically,  mucosa   and   submucosa  of  the 

1  "  Cirrholische  Verkleincrung  des  Magcns  und  Schwund  der  Labdiiiseii  unter  dem 
klinischen  Bilde  der  perniciiiser  Anjcmie."    D.  Anhiv'f.  kliu.  Med.,  xxiv.  353. 

2  [Mader,  Ber.  d.  k.  k.  Krankenanstalt,  Wien,  1890,  p.  265.] 
«  [L.  E.  Holt,  Med.  Rec,  N.Y.,  1891,  xxxix.  p.  410.] 
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stomach  and  duodenum  shewed  a  small-celled  infiltration  around 
the  glands,  which  were  not  otherwise  atrophied.  (Nonne.)^] 

What  significance  is  to  be  especially  attached  to  these  con- 
ditions, especially  that  of  atrophy  of  the  gastric  glands  ? 

The  answer  to  the  question  is,  I  think,  best  supplied  by  the 
observations  of  Dr.  Fenwick  himself.  He  states  that  he  was 
"struck  with  the  frequency  with  which  atrophy  of  the  gastric 
glands  presented  itself  in  those  dying  of  cancer."  He  found 
some  degree  of  atrophy  in  every  case  of  cancer  of  the  stomach, 
and  in  eleven  out  of  fifteen  cases  of  cancer  of  the  breast. 

If  atrophy  of  the  gastric  glands  is  to  be  regarded  as  the 
essential  anatomical  change  in  pernicious  anaemia  in  those 
cases  in  which  it  is  found,  one  might  reasonably  expect  to 
find  pernicious  anaemia  frequently  associated  with  cancer  of 
the  breast,  and  almost  invariably  with  cancer  of  the  stomach. 
Curiously  enough,  however,  I  have  failed  to  find  a  single 
case  recorded  in  which  cancer  of  the  breast  has  presented  the 
features  of  pernicious  anaemia ;  and  as  regards  cancer  of  the 
stomach,  we  shall  see  that  it  is  the  exception  and  not  the 
rule  for  it  to  be  marked  by  blood  changes  and  clinical  features 
characteristic  of  pernicious  anaemia. 

In  this  case,  therefore,  as  in  the  case  of  malignant  disease, 
I  am  compelled  to  conclude  that,  however  important  atrophy 
of  the  gastric  glands  and  other  changes  in  the  gastric  mucosa 
may  be  as  etiological  factors, — and  what  part  they  probably 
play  I  shall  afterwards  have  occasion  to  refer  to^  (see  chap,  xix.), 
— they  cannot  be  regarded  as  the  essential  anatomical  lesions 
underlying  this  form  of  anzemia,  in  the  few  cases  in  which  they 
are  associated  with  it. 

(2)  Other  Gastric  and  Duodenal  Conditions. 

Zahn  (1882)  records  the  case  of  a  man,  aged  forty-six,  who 
had  suffered  for  years  from  gastric  pain,  frequent  vomiting,  and 
repeated  hsematemesis,  and  who  finally  died  with  the  symptoms 
of  pernicious  anaemia. 

Post-mortem  a  circular  ulcer  was  found  at  lower  end  ot 
oesophagus  and  another  in  duodenum.     The  blood  shewed 

1  [Nonne,  Archiv f.  Fsychiat.,  Berl.,  1893,  xxv.  pp.  421-449.] 
-  See  Etiology,  chap,  xvii.-xix.,  also  Cases. 
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numerous  nucleated  red  corpuscles,  as  also  the  bone  marrow ; 
there  were  fewer  in  the  spleen. 

Litten  ^  also  describes  a  case  of  perforating  ulcer  of  the 
stomach  with  bleeding,  which,  during  life,  presented  the  features 
of  pernicious  anaemia. 

Homolle  -  records  the  case  of  a  man,  aged  forty-eight,  who  was 
seized  with  profuse  diarrhoea,  without  blood,  and  fell  rapidly 
into  a  condition  of  profound  weakness  and  anaemia  (red  cor- 
puscles, 536,000  per  c.mm.),  from  which  he  died  in  two  and  a 
half  months.  The  only  lesion  found  was  marked  hyperaemia 
and  swelling  of  the  mucous  membrane  of  duodenum.  No 
Ankylostoma  were  found. 

It  is  probable  that  the  first  two  of  these  were  cases  of 
anaemia  from  long-standing  haemorrhage.  The  condition  of 
duodenum  found  in  the  third  case  is  interesting  in  a  relation 
which  will  subsequently  be  noted  (see  APPENDIX,  "Jaundice"). 

(3)  Degener-ative  Cliaiiges  in  the  Nervous  apparatus  of  the  intes- 
tinal wall  and  of  the  abdomen  have  been  described,  among 
others,  by  Sasaki  ^  and  Banti,*  and  regarded  by  these 
observers  as  independent  lesions  and  as  the  causes  of  the 
anaemia.  In  a  case  of  pernicious  anaemia,  Sasaki  found 
marked  alterations  in  the  nerves  throughout  the  whole  intestinal 
tract,  consisting  in  atrophy  of  the  ganglion  nerve  cells  and 
nerve  fibres  of  Meissner's  plexus.  In  another  case  he  found 
fatty  degeneration  of  the  whole  of  Auerbach's  plexus  along  with 
fatty  degeneration  of  the  muscular  fibres.  Banti  likewise  found 
changes  in  the  sympathetic  ganglia  both  of  neck  and  abdomen, 
which  he  also  regarded  as  the  cause  of  the  anaemia,  acting 
through  the  liver  and  spleen. 

The  view  naturally  suggests  itself  that  these  changes  may 
possibly  be  as  much  the  result  as  the  cause  of  the  anaemia  ; 
and  this  is  fully  supported  by  the  observations  of  Scheimpflug,^ 
made  with  special  reference  to  these  observations  of  Sasaki. 

Scheimpflug  finds  that  in  a  large  number  of  cases  the 

1  Berl.  klin.  IVoc/i.,  1 880,  p.  693. 

2  "Anemie  cachectique  progressive  (Anemie  pernicieuse),  Duodenite,"      cit.,  1879. 

3  "  Ueber  Veranderiingen  in  den  Nervosen  Apparaten  der  Darmwand  bei  pernicioser 
Anaemie,"  Virch.  Archiv,  Bd.  xcvi.  p.  287. 

*  Jahresb.  u.  d.  ^s^es.  Med.,  Bd.  ii.,  i88r,  p.  239. 
5  Zeitschrift f.  klin.  Med.,  Bd.  ix.,  1885.  p.  58. 
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nervous  structures  of  the  intestinal  wall  present  changes  which 
may  be  regarded  as  the  result  of  inflammatory,  degenerative, 
or  other  pathological  processes.  He  made  a  number  of  obser- 
vations on  the  appearance  presented  by  the  plexus  of  Auerbach 
and  of  Meissner  in  various  conditions.  The  result  was  that  in 
many  various  conditions  each  plexus  shewed  more  or  less  fatty 
degeneration.  As  regards  the  general  frequency  of  pathological 
changes  in  the  nervous  structures  of  the  intestinal  wall,  he  found 
such  changes  by  no  means  uncommon ;  and  that  not  only  in 
wasting  diseases,  but  also  in  certain  acute  infectious  diseases, 
changes  in  the  nervous  apparatus  of  the  intestinal  wall — cloudi- 
ness, swelling,  atrophy,  fatty  degeneration,  etc.  —  frequently 
occurred. 

In  the  face  of  these  observations,  it  is  difficult  to  agree  with 
Sasaki  in  regarding  these  degenerative  changes  as  absolutely 
independent  lesions,  and  as  the  essential  morbid  anatomical 
condition  underlying  the  disease. 

(4)  Presence  of  Intestinal  Worms. — The  connection  between 
this  condition  and  anaemia  similar  in  its  nature  to  pernicious 
anaemia,  has  recently  excited  much  interest  and  attention  both 
in  this  country  and  on  the  Continent. 

The  anaemia  of  the  workers  in  the  St.  Gothard  Tunnel 
presented  apparently  all  the  features  of  true  pernicious  anaemia, 
and  was  associated  with  the  presence  of  the  Ankylostomuni 
duodenale,  sometimes  in  large  numbers  in  the  intestinal  tract ; 
it  usually  disappeared  rapidly  on  their  removal.  The  symptoms 
were  those  of  gradually  increasing  weakness  and  pallor  without 
obvious  cause.  Accompanying  the  anaemia  were  sometimes 
colicky  pains  or  other  signs  of  digestive  disturbance,  diarrhoea 
and  occasional  vomiting.  The  red  corpuscles  were  greatly 
reduced,  e.g.  850,000  per  c.mm. 

The  following  case  recorded  by  Sahli  ^  gives  the  main  features 
of  the  condition.  Illness  began  with  frequent  vomiting  and 
diarrhea,  with  stools  at  first  black,  afterwards  of  normal  colour. 
The  patient  finally  came  to  present  exactly  the  appearance  of 
a  case  of  pernicious  anaemia,  face  and  mucous  membranes  being 
waxy  pale,  and  weakness  very  great.    Appetite  remained  good, 

i"Beitrage  zur  klinischen  Geschichte  der  Anaemie  der  Gotthard  Tunnel- 
arbeiter"  (Z>.  Archivf.  kirn.  Med.,  xxxii.  p.  421,  1883). 


48 


PERNICIOUS  AN/EMIA. 


in  fact  even  better  than  usual,  bowels  regular,  stools  of  normal 
colour,  urine  pale  and  clear,  subcutaneous  fat  well  developed  , 
no  bleedings,  no  retinal  hajmorrhages. 

Red  corpuscles  were  reduced  to  850,000  per  c.mm.,  but  shewed 
little  change  either  in  form,  size,  or  colour.  Some  of  them 
were  very  pale,  while  others  of  small  size  presented  a  deep 
colour 

On  examination,  eggs  of  the  Ankylostomum  duodenale  were 
found  in  large  numbers  in  the  stools,  and  on  administration  of 
extract  of  male  fern  large  numbers  of  Ankylostoma  were  evacu- 
ated. From  this  time  onward  the  patient  seemed  to  have  no 
more  worms,  and  the  effect  on  the  anaemia  was  very  marked. 
In  the  course  of  three  weeks  the  red  corpuscles  rose  from 
850,000  to  2,720,000  per  c.mm.,  and  two  weeks  later  under 
the  administration  of  iron  to  4,200,000.  At  the  same  time  all 
the  subjective  symptoms  disappeared. 

More  recently  a  number  of  cases  have  been  recorded  by 
Reyher  and  Runeberg,  in  which  the  connection  between 
anaemia  of  this  kind  and  the  presence  of  Bothfiocephalus  latus 
has  been  apparently  equally  close  and  equally  marked. 

In  neither  instance  has  the  nature  of  the  relation  between 
the  condition  of  anaemia  and  the  presence  of  the  worms  been, 
in  my  opinion,  satisfactorily  explained.  In  the  anaemia  associ- 
ated with  the  Ankylostoimun  duodenale  the  condition  has  been 
ascribed,  probably  with  some  truth,^  to  the  loss  of  blood  ab- 
stracted by  the  parasite  itself  For  in  patients  dying  of  the 
disease,  the  Ankylostoma  are  found  of  a  black  colour  from 
the  presence  of  blood  in  their  intestinal  tract.  This  explana- 
tion, however,  cannot  apply  to  all  cases ;  for  curiously  enough 
the  anaemia  is  not  always  proportionate  to  the  number  of 
worms  present.  Thus  in  one  case  in  which  there  were 
numerous  worms  in  the  stools,  Sahli  found  hardly  any  anaemia 
(red  corpuscles,  4,000,000  per  c.mm.).  In  other  cases  anaemia 
is  almost  absent,  even  when  large  numbers  of  the  eggs  of 
Ankylostoma  are  similarly  to  be  found  in  the  stools.^  Hence, 
the  part  played  by  the  worms  in  producing  the  anaemia  cannot 

1  [This  surmise  proves  to  have  been  the  correct  one,  v.  postea,  chap.  ix.  ] 

2  Sahli,  Dciitsch.  Archiv  f.  k/in.  Med.,  Bd.  xxxii.,  18S3,  p.  422. 
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be  considered  as  simple  as  the  above  view  would  seem  to 
indicate.  As  Sahli  clearly  shews,  the  degree  of  anaemia  is 
certainly  not  dependent  solely  on  the  number  of  worms  present, 
nor  yet  on  the  disturbances  in  digestion  occasioned  by  their 
presence,  since  digestive  disturbances  may  be  entirely  absent. 
Sahli  himself  regards  the  anaemia  as  totally  distinct  from  per- 
nicious anaemia — a  conclusion  borne  out  by  evidence  subse- 
quently to  be  adduced.^ 

In  the  case  of  the  BotJiriocephalus  latus,  it  is  not  even  pre- 
tended that  the  anaemia  is  occasioned  by  any  loss  of  blood. 
Some  pathological  factor  other  than  the  presence  of  worms  must 
be  here  at  work'}  Runeberg's  observations^  clearly  shew  that 
not  only  may  worms  be  present,  sometimes  in  considerable 
number,  without  any  of  the  features  of  pernicious  anaemia  ;  but 
that — and  this  fact  is  still  more  important — even  in  Finland, 
where  this  parasite  abounds,  cases  of  pernicious  anaemia  are  met 
with  in  patients  not  infested  by  the  parasite,  and  that  these 
cases  prove  especially  intractable.^  This  observation  agrees 
with  our  experience  of  the  disease  in  our  own  country,  where 
undoubtedly  it  constantly  occurs,  independently  altogether  of 
the  presence  or  otherwise  of  worms. 

For  these  and  like  reasons,  I  am  forced  to  conclude  that,  as 
with  malignant  disease  so  with  intestinal  worms,  their  presence 
alone  cannot  be  held  as  sufficiently  accounting  for  the  pernicious 
anaemia  occasionally  associated  with  them. 

General  Conclusion. — The  result  of  our  enquiry  so  far  there- 
fore is,  that  even  if  pernicious  anaemia  were  merely  regarded  as 
an  extreme  manifestation  of  ordinary  anaemic  processes,  or  as 
the  result  of  a  profound  disturbance  of  nutrition  occasioned  by, 
e.g.  malignant  disease,  gastric  atrophy,  or  other  intestinal  condi- 
tions, we  should  still  be  unable  to  explain  its  absence  under 
apparently  favourable  conditions,  and  its  presettce  under  others 
which  would  seem  unfavourable  to  it. 

None  of  the  conditions  just  considered,  whether  malignant 
disease  or  other  gastro-intestinal  lesions,  can,  in  my  judgment,  be 

^\_V.  postea,  chap,  ix.] 

-  [That  factor  is  increased  hcemolysis,  v,  postea,  chap,  ix.] 
Deutsch.  Archivf.  klin.  Med.,  Bd.  xxxii.,  1888,  p.  428. 
*  See  also  Reyher,  Deutsch.  Archiv  f.  klin.  Med.,  1884. 
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regarded  as  the  essential  anatomical  causes,  even  in  the  few  cases 
(a  minority)  in  which  they  are  present,  or  as  accounting  for  the 
peculiar  features  and  extreme  degree  of  blood  change  character- 
istic of  this  as  distinguished  from  other  forms  of  anaemia. 

With  regard  to  all  the  conditions  above  mentioned,  it  is 
necessary,  to  assume  that  there  have  been  superadded  to  them 
certain  more  deeply-seated  conditions  which  are  essential  to 
pernicious  anaemia,  and  upon  which  its  characteristic  features 
depend. 

This  conclusion  is  based  chiefly  on  two  considerations : 

(1)  That  similar  anatomical  changes,  sometimes  even 
more  marked,  are  constantly  to  be  met  with  in  cases  pre- 
senting none  of  the  features  of  pernicious  anaemia. 

(2)  That  cases  of  pernicious  anaemia  are  constantly 
met  with,  in  which  no  such  anatomical  changes  are  to 
be  found. 

Pernicious  anaemia  cannot  therefore,  in  my  judgment,  be  re- 
garded simply  as  secondary  to  definite  organic  disease,  or  to  the 
anatomical  changes  with  which  it  is  in  a  few  cases  associated. 
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SPECIAL  MORBID  ANATOMY. 

Previous  Observations. 

I.— CHANGES  IN  THE  BLOOD. 

The  changes  in  the  blood  in  pernicious  anaemia  affect  all  its 
characters,  but  the  most  notable  are  those  affecting  the  number 
and  variety  of  the  red  corpuscles,  and  their  richness  in  haemo- 
globin. As  regards  these  corpuscles,  the  changes  are  of  threefold 
nature. 

1.  OligocytJicemia  far  more  marked  than  that  ever  met  with 
in  ordinary  forms  of  anaemia,  more  marked  even  than  that 
resulting  from  loss  of  blood,  of  which  it  is  often  quite  independent. 

2.  Poikilocytosis. — An  extraordinary  variation  in  the  size 
and  shape  of  the  red  corpuscles,  aptly  described  by  Quincke 
under  this  comprehensive  term.  Many  of  the  red  corpuscles 
are  double  the  size  of  ordinary  haemocytes — the  so-called 
*  macrocytes  '  or  '  megalocytes  ' ;  while  others  are  small,  and 
of  the  most  varying  form — pear-shaped,  spindle-shaped,  etc. 
These  changes  are  common  to  all  severe  forms  of  anaemia, 
and  express  the  degree  and  not  the  nature  of  such  anaemia. 
They  are  especially  common  in  pernicious  anaemia,  but  are 
also  to  be  found  in  the  anaemia  resulting  from  loss  of  blood, 
if  the  latter  be  of  sufficient  degree.  Hence  they  cannot  be 
regarded  as  peculiar  to  pernicious  anaemia. 

\  The  presence  of  small  deeply-coloured  spherical  elements 
— the  so-called  '  Eichhorst's  corpuscles,'  absent  from  normal 
blood,  and  regarded  by  Eichhorst  as  the  one  pathognomonic 
feature  of  the  disease. 
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4.  Nucleated  red  corpuscles. — The  presence  of  these  in  the 
blood  has  been  described  by  a  number  of  observers  (Bramwell, 
Ehrlich).^  They  are  not  ahvays  to  be  found.  In  no  case  were 
they  ever  found  by  Quincke'^  in  his  many  observations.  On 
the  other  hand,  EhrHch^  found  them  in  the  blood  in  all  varieties 
of  severe  anaemia ;  and  Neumann*  found  them  in  the  blood  in 
a  fatal  case  of  aniemia,  resulting  from  long  standing  and  pro- 
fuse metrorrhagia. 

5.  Leucocytes. — The  great  majority  of  cases  agree  in  shew- 
ing that  there  is  no  increase  in  the  number  of  white  corpuscles 
in  this  disease.  In  some  they  appear  rather  to  be  reduced.  Nor 
is  there  any  special  change  in  the  character  of  the  leucocytes,  or 
any  increase  in  the  number  of  granular  elements  and  blood-plates 
— in  striking  contrast,  therefore,  with  the  condition  of  the  blood 
in  many  forms  of  wasting  disease,  such  as  phthisis,  in  which 
there  is  usually  a  very  considerable  increase  in  the  number  of 
these  elements. 

6.  Hcemoglobin. — The  haemoglobin  is  always  greatly  reduced 
— according  to  Leichtenstern  ^  as  low  as  \  of  the  normal ;  accord- 
ing to  Hayem  ^  even  lower,  viz.,  \—^.  The  interesting  point, 
however,  is  that  the  reduction  in  haemoglobin  is  not  so  great  as 
the  reduction  in  the  number  of  red  corpuscles ;  so  that  the 
haemoglobin  value  of  the  individual  corpuscle,  instead  of  being 
reduced  (as  it  is  in  chlorosis),  is  generally  greater  than  the 
normal.  (Laache.'') 

In  connection  with  the  relative  richness  of  the  corpuscles  in 
haemoglobin  there  have  been  noted,  further,  two  other  facts, 
namely  : 

{a)  The  readiness  with  which,  in  this  condition,  the  haemo- 
globin of  the  corpuscles  separates  from  the  stroma,  and  diffuses 
out,  or  becomes  collected  towards  one  part  of  the  corpuscle,^ 
the  latter  appearance  often  resembling  that  of  a  nucleated 
corpuscle,  and  often  (though  erroneously)  regarded  as  such. 

1  Bed.  kli)i,  Woch.,  1880,  p.  405. 

D.  Archiv  f.  Min.  Med.,  Bd.  xxv.  p.  577. 
3  Berl.  klin.  Woch.,  1880,  p.  405. 
^  Zeitschr.f.  klin.  Med.,  Bd.  iii.,  1881,  p.  414. 
^  Hamoglobinulingehalt  des  Blulcs,  Leipzig,  1878,  p.  104. 
6  L' Union  M,<d.,  No.  75,  1877. 
'  Op.  cit. 

^  Mackcrn  and  Davy,  The  Lancet,  vol.  i.,  1877,  P-  642. 
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(/>)  The  readiness  with  which  crystals  of  haemoglobin  may 
be  obtained  from  the  blood/  a  peculiarity  shared  by  the  blood 
in  septic  disease — a  change  which  normal  blood  only  shews  after 
it  has  been  allowed  to  putrefy. 

The  changes  in  the  blood  just  enumerated  are,  without 
doubt,  the  most  marked  and  most  constant  anatomical  changes 
occurring  in  cases  of  pernicious  ancemia.  One  naturally  turns, 
therefore,  to  the  organs  concerned  either  in  blood  formation  or 
blood  destruction  to  discover  their  cause.  It  must  be  on  some 
disorder  of  one  or  other  of  these  two  great  processes  that  the 
condition  of  the  blood  depends.  It  is  in  these  organs,  therefore, 
that  we  must  look  for  any  characteristic  anatomical  changes 
that  may  underlie  the  disease.  The  changes  which  occur  will 
now  be  considered  seriatim  in  connection  with  the  various  organs 
most  concerned  in  these  two  processes,  viz.,  the  bone  marrow, 
the  lymphatic  glands,  the  spleen,  and  the  liver. 

II.— CHANGES  IN  THE  BONE  MARROW. 

In  the  bone  marrow  the  changes  found  have  been  both 
macroscopic  and  microscopic.  The  red  marrow  is  increased  in 
amount  at  the  expense  of  the  yellow  marrow  of  the  shafts  of  the 
long  bones,  and  presents  in  the  great  majority  of  cases  a  striking 
change  in  its  appearance,  assuming  a  peculiar  rosy-red  or  violet- 
red  colour  (Pepper,  Cohnheim). 

These  changes  have  directed  attention  to  it  as  the  possible 
seat  of  the  disturbances  in  this  disease.  The  histoloo-ical 
changes  are  of  a  twofold  nature,  the  abnormal  presence  of 
large  numbers  of  nucleated  I'ed  corpuscles  apparently  pointing 
to  some  profound  disorder  of  haemogenesis  (blood  formation) ; 
and  that  of  large  numbers  of  corpuscle-carrying  cells,  enclosing 
old  red  corpuscles  or  their  pigment  remains — apparently  pointing 
to  some  disorder  of  haemolysis  (blood  destruction).  When  first 
described,  both  these  changes  were  thought  to  be  peculiar  to 
pernicious  anaemia.  Both  have,  however,  since  been  shewn  to 
be  common  to  this  and  other  severe  forms  of  anaemia  {e.g. 
leukaemia). 

^  Copeman,  St.  Thomas's  Hospital  Reports,  1887. 
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III.— CHANGES  IN  THE  LYMPH  GLANDS. 

Few  or  no  changes  have  been  described  in  connection  with  the 
lymphatic  glands.  The  absence  of  any  enlargement  or  other 
marked  change  is  a  notable  feature  (Addison)  distinguishing  this 
form  of  anjEmia  at  once  from  leucocythaemia  and  other  forms  of 
glandular  anc-emia,  and  this  observation  has  been  confirmed  by 
all  subsequent  observers. 

In  some  cases,  however  (Eichhorst  the  mesenteric  glands 
have  presented  some  appearance  of  redness  and  swelling.^ 
Another  case  is  described  by  Weigert,^  in  which,  along  with 
dilatation  of  the  lymphatics  of  the  neck,  and  of  the  mesenteric 
portal,  omental,  and  retro-peritoneal  lymphatics,  there  was  also 
some  swelling  of  the  mesenteric  glands,  their  sinuses  being  filled 
with  lymph  containing  many  red  corpuscles.  This  case  Weigert 
was  inclined  to  regard  as  one  of  supplementary  blood  formation 
on  the  part  of  the  glands  ;  but  it  stands  alone,  and  no  great  value 
can  therefore  be  attached  to  it.  No  abnormal  microscopical 
changes  have  been  noted  ;  and  as  regards  the  importance  to  be 
attached  to  the  appearance  of  redness  and  swelling,  it  is  only 
necessary  to  state  that  precisely  similar  changes  were  found  by 
Neumann  in  the  case  of  anjemia  resulting  from  severe  metrorrhagia 
already  referred  to.  In  this  case  likewise,  with  the  exception  of 
a  very  few  nucleated  red  corpuscles,  no  changes  were  found 
microscopically. 

IV.— CHANGES  IN  THE  SPLEEN. 

As  regards  the  spleen,  the  changes  hitherto  described  have, 
as  in  the  case  of  the  bone  marrow,  been  partly  visible  to  the 
naked  eye,  and  partly  microscopic.  The  changes,  however,  have 
not  by  any  means  been  so  constant  or  so  marked  as  in  the  case 
of  the  bone  marrow. 

Size. — In  a  certain  number  of  cases  the  spleen  has  been  found 
enlarged,  this  condition  being  even  recognizable  during  life.^ 

^  Die  progressive  pernkiose  Atusmie,  Leipzig,  1898,  p.  288. 
^  V.  postea,  p.  70. 

'■^  Virch.  Archiv,  Bd.  Ixxix.,  1880,  p.  387. 

4  Bristowe,  Brit.  Med.  Joiirn.,  vol.  i.,  1888,  p.  1149. 
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Thus,  in  a  case  recorded  by  Dickinson/  it  weighed  '  at  a  guess ' 
10  oz.  In  two  cases  described  by  Dr.  Finlay^  it  weighed  19I 
and  16  oz.  In  the  great  majority  of  cases,  however,  the  spleen 
is  described  as  normal,  or  no  mention  is  made  of  it.  Thus  it 
is  described  as  not  enlarged  ;^  of  natural  size     4  oz. ;  2  3^^  oz.  ^ 

The  normal  weight  may  be  taken  at  225  grammes.  Instances 
of  the  following  variations  are  given  by  different  observers. 

330  grammes,     .       .  Wilks.         300  grammes,  .       .  Eichhorst. 
360       ,,         .       .  Ferrand.      500       ,,        .       .  Wilks. 
200       ,,         .       ,  Lepine.       445       ,,        .       .  Rosenstein. 

Twenty-six  cases  have  thus  been  commented  upon  by  Dr. 
Pye-Smith — 

Ti  oz.  (311  grammes).  'Slightly  swollen.' 

' Somewhat  large.'  'Small.' 

'Normal.'  loj  oz.  (300  grammes). 

1 1  oz.  ('  normal ').  '  Scarcely  enlarged.' 

'  Enlarged.'  '  Enlarged.' 

'  Shrunken.'  '  Healthy.' 

7  oz.  (200  grammes).  12  oz.  (340  grammes). 

'Normal.'  81  oz.  (241  grammes). 

'  Somewhat  enlarged.'  7  oz.  (200  grammes). 

'  Slightly  enlarged.'  7  oz.  (         ,,  ). 

'Somewhat  enlarged.'  8  oz.  (277-9  grammes). 

'  Slightly  swollen.'  8  oz.  (         „  ). 

16  oz.  (453-5  grammes).  10  oz.  (283  grammes). 

Other  Features. — Its  other  characters  have  equally  varied.  It 
has  been  described  as  soft  and  diffluent  ;i  pale  and  soft;<^  and 
soft ;  3  and,  on  the  other  hand,  firm  and  red  ;  or  firm  in  con- 
sistence and  of  deep  purple  colour. 

Microscopically,  no  changes  at  all  have  been  described  in  the 
great  majority  of  cases.  In  some  cases,  a  few  nucleated  red  cor- 
puscles have  been  found.  The  changes  generally  are  those  of 
simple  hyperplasia.  (Eichhorst.) 

1  Dickinson,  Brit.  Med.  Joiini.,  vol.  i. ,  1878,  p.  531. 

2  Finlay,  Brit.  Med.  Journ.,  vol.  ii.,  1885,  p.  864. 

»  Carrington,  The  Lancet,  vol.  i.,  1883,  p.  193.   Bradbury,  Bril.  Med.  Tourn 
1876. 

•*  S.  Mackenzie,  The  Lancet,  vol.  i.,  1878,  p.  13. 

Smith,  The  Lancet,  vol.  ii.,  1881,  p.  133. 
^  Coupland,  The  Lancet,  i88i,  p.  569.  ' 
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Micro-cJmnically,  the  spleen  has  been  found  in  certain  cases 
to  contain  a  certain  amount  of  pigment  rich  in  iron  (Grohe) ;  in 
one  case  0'227  per  cent.^  (Rosenstein.) 

v.— THE  LIVER. 

Fatty  Degeneration. — More  or  less  marked  fatty  degeneration, 
found  especially  in  the  centre  of  the  lobules,  is  the  only  change 
in  this  organ  to  which  attention  has  been  hitherto  directed  by 
observers  in  this  country.    (Wilks,  Coupland.) 

Excess  of  Iron. — In  the  earlier  cases  published  by  Quincke^ 
in  1876,  the  interesting  observation  was  made  that  in  three 
instances  the  liver  contained  a  great  excess  of  iron,  as  determined 
both  on  microscopic  examination  and  chemical  analysis.  The 
value  of  the  observation  was  diminished  in  his  opinion  by  the 
circumstance  that  in  two  of  the  three  cases,  the  kidney  and 
pancreas  also  contained  an  excess  of  iron ;  and,  further,  by  the 
possibility  of  the  condition  being  due  to  the  administration  of 
that  drug  during  life. 

In  the  year  following  this  observation  of  Quincke,  Rosen- 
stein ^  found  a  great  excess  of  iron  in  the  liver,  in  a  case  in  which 
no  changes  were  to  be  found  in  any  other  organ  of  the  body. 
The  same  doubt,  however,  attached  in  this  observer's  mind 
to  the  significance  of  this  discovery,  his  patient  having  like- 
wise been  under  treatment  with  iron  for  some  time  before 
death. 

At  first,  therefore,  little  or  no  importance  was  attached  to 
these  observations,  either  by  Continental  or  by  home  observers. 

It  had  "  no  pathogenetic  significance  whatever,  and  depended 
probably  on  the  free  administration  of  iron  as  a  medicine." 
(Miiller.) 

"  In  all  of  them  there  was  the  suspicion  that  the  increase  was 
an  artificial  one  due  to  overloading  of  the  liver  with  iron  prepar- 
ations." (Eichhorst.) 

"  Quincke  found  the  liver,  pancreas,  and  other  organs  stained 
of  a  dark  colour  and  rich  in  iron,  probably  from  the  medicine 

1  Quincke,  Deutsch.  Archiv  f.  klin.  Med.,  Bd.  xxvii.  p.  199;  Peters,  Ibid.,  Bd. 
xxxii.  p.  182. 

2  Med.  Times,  vol.  ii.,  1876,  pp.  374,  428. 

3  Bcrl.  klin.  Woch.,  1877,  p.  113. 
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given,  but  perhaps  also  from  destruction  of  hcnemoglobin."  (Pye- 
Smith.) 

Stephen  Mackenzie ^  and  Coupland'^  in  their  able  lectures  ex- 
pressed themselves  with  caution  regarding  them.  They  both 
considered  that  the  condition  of  the  liver  noted  was  probably 
connected  with  the  administration  of  the  drug  medicinally.  In 
one  case,  indeed,  the  former  found  an  excess  of  pigment  in  the 
liver,  the  result  of  what  he  considered  local  extravasations  in 
that  organ,  and  he  expressed  the  opinion  that  in  Quincke's 
cases  the  excess  of  iron  was  perhaps  due  to  a  similar  cause. 

Quincke's  later  observations  appeared  to  confirm  this  view  as 
to  the  want  of  diagnostic  significance  of  this  pigment.  The  pre- 
sence of  iron  pigment  in  the  liver  and  other  organs — a  condition 
to  which  he  gives  the  name  '  Siderosis ' — was,  he  found,  by  no 
means  an  uncommon  one.  It  was  interesting  as  denoting  some 
excess  of  blood  destruction,  but  in  no  way  distinctive  of  any  one 
disease.  The  different  forms  of  pathological  siderosis  arose 
through  quantitative  disturbance  of  the  destructive  process, 
however  produced.  Accumulation  of  iron-containing  deriva- 
tives of  the  corpuscles  in  spleen,  bone  marrow,  and  in  liver 
capillaries,  took  place — (i)  when  the  destruction  of  red  cor- 
puscles was  increased,  (2)  when  the  formation  of  new  red 
corpuscles  out  of  the  old  was  retarded. 

At  his  request  his  pupil  Peters  (1883)  examined  the  organs 
in  77  cases  in  this  relation,  with  the  following  results : 

1.  In  17  cases,  no  reaction  of  iron  in  any  of  the  organs. 

2.  In  27  cases,  iron  reaction  in  bone  marrow  and  spleen. 

3.  In  33  cases,  iron  reaction  in  bone  marrow,  spleen,  and  liver. 

Group  I  included  cases  of  every  age,  dying  partly  of  acute 
disease,  e.g.  croupous  pneumonia,  scarlet  fever  ;  partly  of  chronic 
diseases,  e.g.  cancer  and  tuberculosis. 

Group  2  included  cases  of  wasting  disease  of  every  age  ; 
most  of  them  due  to  phthisis.  The  iron  reaction  in  this  case 
was  always  very  slight,  and  was  confined  to  the  spleen  and 
marrow,  7io7te  in  the  liver. 

Group  3  included  33  cases  of  different  diseases — 4  of  granular 
atrophy  of  the  kidney,  5  of  chronic  lung  disease,  with  amyloid 

^  The  Lancet,  vol.  ii.,  1878,  p.  836. 
2  /bid.,  vol.  i.,  1881,  p.  531  ct  seq. 
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degeneration,  12  of  intestinal  catarrh  (in  children),  4  cases  of 
different  anatomical  nature,  in  which  the  liver  showed  congestive 
changes.  The  remaining  cases  were  partly  cases  of  subacute 
course  (typhoid,  spinal  meningitis,  gangrene  of  lung),  partly 
diseases  of  the  blood  (pernicious  anaemia,  purpura  hasmorrhagica), 
and  finally  2  acute  cases. 

He  summed  up  his  results  as  follows  : 

I.  "  Siderosis"  of  the  spleen  and  bone  mairow  was  met  with 
(i)  in  most  old  individuals,  (2)  in  people  of  every  age  dying 
of  a  chronic  disease.  In  both  cases  the  result  was  due  to  imperfect 
formation  of  red  corpuscles  out  of  the  old  material,  as  a  result 
of  the  advancing  marasmus. 

II.  "Siderosis"  of  the  liver,  spleen,  and  bone  marrow,  was 
found  (i)  in  certain  acute  diseases;  (2)  in  certain  subacute 
diseases ;  (3)  in  diseases  running  a  chronic  course.  The  slight 
"  siderosis  "  of  the  liver  in  subacute  cases  was  to  be  ascribed  to 
diminished  secretory  activity  of  the  liver— the  supply  of  iron 
being  normal.  The  marked  "  siderosis  "  of  acute  cases  was  due 
to  considerably  increased  destruction  of  red  corpuscles  ;  and  as 
regards  the  "  siderosis  "  of  chronic  cases,  this  probably  arose  from 
increased  destruction  of  red,  and  a  diminished  excretion  of  iron 
out  of  the  liver  cells. 

The  "  siderosis  "  of  pernicious  an.nemia  was  thus  regarded  as  a 
condition  common  to  it,  and  to  other  chronic,  as  well  as  subacute 
and  acute,  diseases ;  and  in  no  respect  as  at  all  special  to  it. 
The  "  siderosis  "  of  pernicious  anaemia  was  indeed  exceeded  by 
that  Quincke  found  in  certain  other  diseases — diabetes,  typhoid.^ 
Quincke,^  summing  up  these  and  his  other  extensive  observations, 
regarded  them  of  importance  in  relation  to  pernicious  anaemia, 
only  in  so  far  as  the  presence  or  absence  of  pigment  in  any 
case  might  enable  us  to  distinguish  whether  the  anaemia  in 
that  particular  case  had  arisen  from  a  destruction  of  blood — a 
hcBinopJithisis,  or  from  a  poverty  of  building  material  in  the  body. 

^  Postea,  chap.  vii. ,  tabic  2. 

2  D.  Archiv.f.  klin.  Med.,  xxxiii.  p.  41,  1883. 
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CHANGES  IN  BLOOD  AND  BLOOD-FORMING  ORGANS. 

Author's  Observations. 

I. — Changes  in  the  Blood. 

Oligoeythsemia. — The  diminution  in  the  number  of  corpuscles  is 
sometimes  extraordinary,  and  certainly  constitutes  one  of  the 
most  marked  of  the  changes  in  the  blood.  The  degree  of  oligo- 
cythjEmia  varies  much  in  different  cases.  From  the  first,  how- 
ever, the  number  of  corpuscles  is  reduced  from  the  normal 
5,000,000  per  cubic  millimetre  (c.mm.)  to  2,500,000  (50  per  cent.), 
or  less  ;  in  not  a  few  it  falls  to  1,000,000  (20  per  cent.),  or  even 
to  500,000  per  c.mm.  (10  per  cent.). 

Sorensen  ^  thought  the  latter  number  the  lowest  compatible 
with  life,  or  at  least  with  subsequent  recovery.  But  Quincke 
records  the  case  of  a  patient  whose  proportion  fell  to  143,000 
per  c.mm.,  and  who,  notwithstanding,  recovered. 

My  own  experience  has  been,  that  it  is  not  uncommon  to 
find  the  proportion  so  low  as  700,000  or  800,000,  even  when  the 
patient  first  presents  himself ;  and  this  without  any  urgent 
symptoms,  other  than  the  extreme  debility. 

Comparisoti  luitli  other  Forms  of  AncBmia. — The  marked 
character  of  the  oligocythemia  will  best  appear,  if  we  compare 
it  with  that  found  in  three  anaemic  conditions  in  which,  if  we 
were  to  judge  by  the  pallor  alone,  the  '  an?emia'  might  sometimes 
be  thought  as  intense  as  in  pernicious  aneemia,  viz.,  chlorosis, 
the  anaemia  of  wasting  disease,  and  the  anaemia  from  loss  of 
blood. 

^  Virchowand  Hirschwald's  Jahresb.,  1878,  i,  p.  241. 
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(i)  In  Chlorosis  the  dimituition  in  the  number  of  corpuscles 
is  by  no  means  proportionate  to  the  degree  of  pallor. 


Observer. 

Sorensen, 

Coupland, 

Hayem, 

Laache, 

[Schmaltz,  1 

[Graeber,2 

My  own  observat 


No.  of  Cases. 

7 

7 

i8 

24 

13 
28 


Average  No.  of 
Red  Corpuscles. 

3,790,000. 

3,000,000, 

3,520,000. 

3,632,000. 

3,600,000.] 

4,482,000.] 


ions  agree,  in  the  main,  with  these  results, 
the  average  obtained  being  about  3,750,000.  [An  examination 
of  247  cases  from  the  literature  of  the  subject  leads  Reinert  to 
the  conclusion,  that  the  number  of  cases  of  chlorosis  in  which 
the  number  of  corpuscles  is  within  normal  limits  is  not  much 
less  than  the  number  in  which  it  is  diminished.] 

The  number  may  fall  lower  than  this,  especially  if  the  case 
be  in  any  way  complicated,  as  it  not  unfrequently  is,  by  haemor- 
rhage, e.g.  from  a  gastric  ulcer ;  but,  on  the  whole,  there  is  no 
feature  of  chlorosis  more  remarkable,  than  the  extraordinary 
disparity  between  the  actual  diminution  in  the  number  of 
corpuscles  and  the  profound  degree  of  pallor. 

The  change  in  the  blood  in  chlorosis  is,  as  is  now  clear,  not 
so  much  an  oHgocythaemia,  as  a  poorness  in  haemoglobin,  the 
latter  being  far  lower  than  can  be  explained  only  by  the  diminu- 
tion in  the  number  of  corpuscles.  In  few  cases  of  chlorosis  does 
the  number  of  corpuscles  fall  below  60  or  70  per  cent,  per  unit 
volume  ;  while  in  pernicious  anaemia  a  diminution  to  30,  20,  and 
even  10  per  cent,  of  the  normal  is  not  only  possible,  but  is  not 
infrequently  met  with,  and  that,  too,  early  in  the  disease. 

(2)  hi  Wasting  Diseases  an  equally  striking  contrast  with 
pernicious  anaemia  is  presented  ;  a  contrast  all  the  more  remark- 
able, inasmuch  as  the  anaemia  in  these  cases,  judged  by  the 
degree  of  pallor,  is  often  so  profound  as  apparently  to  entitle  it 
to  be  termed  pernicious.  This  variety  of  anaemia  constitutes,  in 
fact,  that  termed  by  Dr.  Coupland  the  pernicious  variety  of 
symptomatic  anaemia. 


^  [''Die  Pathologie  des  B  lutes, Leipzig,  1896,  p.  150.] 

2  [Grawitz,    Klinische  Paihologie  des  Blutes,"  Berlin,  1896,  p.  77.] 
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(a)  Thus,  in  Phthisis,  there  is  no  marked  or  constant  diminu- 
tion per  unit  volume  ;  a  fact  agreed  to  by  all  observers. 

Observer.  No.  of  Cases.  No.  of  Corpuscles. 

Laache,    .       .  -14  4>457.ooo- 

Sorensen,        .  .      ii  4)35o>°°°- 

[Oppenheinier,^  .       8  5,000,000104,400,000.]' 

{b)  In  Malignant  Disease  the  change  is  but  little  more  marked. 
In  six  cases  of  carcinoma,  Sorensen  found  the  average  to  be 
3,660,000.  Laache,  in  eight  cases,  found  an  average  of  3,500,000 
per  c.mm.  In  cancer  of  oesophagus,  which  often  presents  the 
features  of  a  pernicious  anaemia,  the  red  corpuscles  may  be 
actually  increased  per  c.mm.  [In  one  case  of  cancer  of  stomach, 
Reinert  found  4,732,000  ;  in  another  6,200,000.^] 

{c)  In  Bright' s  Disease,  Laache  (nine  cases)  found  an  average 
of  4,006,000  corpuscles  per  c.mm.;  Sorensen  (eight  cases),  an  aver- 
age of  4,740,000  ;  [Reinert,  two  cases,  an  average  of  3,845,000]. 

Lastly  id)  in  Inanition,  the  result  of  starvation,  the  changes 
in  the  blood  are  relatively  less  marked  than  those  in  most  other 
tissues  of  the  body.  So  far  from  being  diminished,  the  number 
of  corpuscles  per  c.mm.  of  blood  is  often  actually  increased.^ 

The  result  of  this  comparison  goes,  therefore,  to  shew,  that 
the  oligocythcsmia  in  pernicious  anaemia  is  far  in  excess  of 
that  found  in  the  ancemia  accompanying  wasting,  and  vialignant 
disease.  This  difference  is  not  merely  one  of  slight  degree,  but 
seems  to  be  radical  and  peculiar  to  pernicious  anaemia ;  for 
the  oligocythaemia,  which,  in  the  anaemia  of  wasting  disease,  in 
its  most  marked  forms,  is  rarely  as  low  as  50  per  cent.,  and  is 
usually  not  even  so  marked  as  that,  constantly  in  pernicious 
anaemia,  even  in  the  early  stages,  is  as  low  as  20  per  cent.,  or  even 
lower. 

(3)  Traumatic  Ancemia. — The  resemblances  betwixt  the 
anaemia  of  chlorosis  and  of  wasting  disease  on  the  one  side, 
and  of  pernicious  anaemia  on  the  other,  are  thus  limited  to  the 
degree  of  pallor  they  severally  present ;  and  do  not  necessarily 

^  \_D.  med.  Woch.,  1889,  Nos.  42,  43,  44.] 

-  Boekmann,  D,  Archiv f.  klin.  Med,,  xxix.  p.  490. 

^  With  special  reference  to  these  changes  in  the  blood,  see  also  Stephen  Mackenzie, 
Lancet,  ii.,  1878,  p.  834.  [Reinert,  Die  Zdhlung  den  BliU  Korpen/icii,  Leipzig,  1891, 
Grawitz,  Klinische  Pathologie  des  Bhiies,  Berlin,  1896.] 
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extend  to  the  blood  changes,  (oligocythaemia),  presented  in  the 
separate  instances.  As  regards  the  degree  of  oligocythaemia,  a 
much  closer  resemblance  exists  betwixt  pernicious  ansemia  and 
the  anjemia  resulting  from  loss  of  blood.  Loss  of  blood  is  a 
factor  which,  moreover,  complicates  many  cases  of  pernicious 
anaemia  ;  and  has  been  held  by  some  to  be  the  chief  factor  in 
causing  its  high  degree  of  blood  change.^ 

There  can  be  no  doubt  that  repeated  haemorrhages,  especially 
when  occurring  in  a  patient  already  debilitated  by  disease,  will 
do  more  than  any  other  adventitious  condition  to  bring  about 
profound  anaemia,  pallor,  and  debility,  closely  resembling  those 
found  in  pernicious  anaemia.  The  difficulty  of  determining 
what  part  is  played  by  loss  of  blood  in  the  production  of  the 
anaemia  we  term  pernicious  is  all  the  greater,  inasmuch  as  the 
two  conditions  are  often  found  associated,  and  each  is  apt  to 
aggravate  the  other — the  loss  of  blood  intensifying  the  oligo- 
cythaemia, and  this  condition  of  the  blood,  in  turn,  favouring  the 
occurrence  of  further  haemorrhages. 

Cases  of  this  sort  are  not  uncommon,  the  diagnosis  remaining 
uncertain  to  the  end  ;  and,  during  life,  it  remains  a  question 
whether  the  patient  died  simply  from  the  effects  of  repeated 
haemorrhage,  or  whether  the  condition  was  really  one  of  per- 
nicious anaemia  from  the  beginning,  the  fatal  issue  being  merely 
hastened  by  the  haemorrhages. 

Hence,  in  determining  whether  pernicious  anaemia  has  any 
independent  existence  as  a  distinct  clinical  and  pathological 
entity,  or  is  not  rather  an  extreme  condition  of  ordinary  anaemia, 
it  is  of  the  first  importance — as  a  first  part  of  the  general  inquiry, 
how  far  the  features  of  the  disease,  in  their  entirety,  can  be 
produced  by  repeated  and  copious  haemorrhage — to  determine 
how  far  the  blood  changes  in  the  two  conditions  correspond. 

Opportunities  for  observing  the  effects  of  loss  of  blood  in 
man  are  often  met  with — in  the  haematemesis  of  gastric  ulcer,  the 
epistaxis  of  Bfight's  disease,  the  haemorrhage  of  malignant 
disease,  or  the  metrorrhagia  of  malignant  or  fibromatous  disease. 

\}  According  to  Professor  Stockman  (1895),  haemorrhages  are  responsible  not  only 
for  the  degree  of  an?emia,  but  for  the  whole  of  the  other  distinctive  features  that  the 
disease  presents  ;  it  is  nothing  more  than  very  severe  anaemia  aggravated  and  compli- 
cated by  hemorrhages,  many  of  its  special  features  being  the  result  of  absorption  of 
the  extravasated  blood.    This  view  will  be  found  considered  in  chap,  xii.] 
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A  condition  of  the  profoundest  anc-emia  may  in  this  way- 
result,  closely  resembling,  in  degree  of  pallor,  the  condition  we 
term  pernicious.  This  is  true  in  part  of  the  oligocythaemia,  and, 
as  will  be  afterwards  seen,  of  the  changes  in  form  and  size  of 
the  red  corpuscles  usually  associated  with  it. 

On  the  other  hand,  it  is  not  true  of  certain  other  characteristic 
blood  changes,  notably  the  high  haemoglobin  ratio  of  the  indivi- 
dual corpuscles ;  and  my  studies  satisfy  me  that,  in  regard 
even  to  the  oligocythaemia,  it  is  not  true  of  the  extreme  degree 
of  oligocythaemia  met  with  in  pernicious  anaemia. 

The  observations  of  Laache  shew  that  the  degree  of  oligo- 
cythaemia producible  by  haemorrhage,  great  though  it  is,  is  not 
so  high  as  one  might  at  first  imagine. 

Thus  in  five  cases  of  bleeding  in  individuals  formerly  healthy, 
he  found  the  corpuscles  reduced  to 

2,781,000  (55  per  cent),  1,719,000  (34  per  cent), 

1,671,000  (33  per  cent),  1,598,000  (32  per  cent), 

1,415,000  (28  per  cent). 

In  five  cases  of  bleeding  in  individuals  already  diseased — 
under  conditions,  therefore,  most  favourable  to  the  production 
of  the  highest  degree  of  oligocythaemia,  he  found 

3,440,000  (68  per  cent),  2,696,000  (54  per  cent), 

2,513,000  (50  per  cent),  2,135,000  (42  per  cent), 

1,281,000  (25  per  cent). 

In  purpura  hcsmorrhagica  he  found 

2,091,000  (41  per  cent.),  2,342,000  (46  per  cent),  and 

2,68o,.ooo  (53  per  cent). 

In  a  case  of  scurvy  he  found  4,050,000  (80  per  cent.). 
In  a  case  of  haemophilia,  5,302,000  (106  per  cent.). 
In  a  case  o{  hcBvioglobinuria,  2,269,000  (45  per  cent.). 

If  we  compare  these  figures  with  those  constantly  met  in 
pernicious  anaemia  ^—eg.,  700,000  (14  per  cent),  800,000  (16  per 
cent),  1,000,000  (20  per  cent),  and  that  too  at  the  very  outset 
of  the  disease— we  must  admit  that  this  result  points  to  the  con- 
clusion, that  mere  loss  of  blood,  unattended  by  any  other  factor,  is 
not  capable  of  explaining  the  high  degree  of  oligocythaemia  in 
pernicious  anaemia— a  feature,  be  it  noted,  often  characteristically  pre- 
sent even  ivhen  no  hcBmorrhage  has  occurred.    Of  the  occurrence 

*  See  Cases,  postea. 
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of  such  an  extreme  degree  of  oligocythaemia,  apart  altogether 
from  loss  of  blood,  there  can  be  no  doubt  ;  indeed,  many  such 
cases  have  come  under  my  own  notice.  The  rapidity  of  its 
progress,  and  its  intensity,  are  moreover  such  as  cannot  be 
accounted  for  by  any  assumed  failure  of  nutrition  however 
profound,  or  any  defect  in  the  blood-forming  functions  however 
marked. 

This  experience  accords  with  the  results  obtained  by  experi- 
ment. Hayem  found  it  impossible  (in  dogs)  to  reduce  by 
bleeding  the  number  of  corpuscles  below  1,000,000  per  c.mm. 

On  the  three  grounds  therefore :  of  the  results  of  these 
experiments  on  animals  ;  of  the  comparatively  slight  degree  of 
oligocythaemia  produced  by  haemorrhage  pure  and  simple  ;  and 
lastly,  of  the  occurrence  of  intense  oligocythaemia  in  pernicious 
anaemia  apart  altogether  from  haemorrhage,  I  am  compelled  to 
conclude  that  the  diminution  in  the  number  of  corpuscles  in 
pernicious  anaemia  is  not  ab  initio  the  result  of  haemorrhage  ; 
though  it  may  be,  and  undoubtedly  is,  aggravated  by  its  sub- 
sequent occurrence. 

While  this  is  so,  however,  I  am  ready  to  admit  that  if,  in  a 
given  case,  the  distinction  to  be  drawn  during  life  between 
anaemia  resulting  from  loss  of  blood,  and  pernicious  anaemia, 
had  to  rest  solely  on  the  relative  degree  of  oligocythcuinia  pos- 
sible in  the  two  conditions,  a  great,  if  not  insuperable,  difficulty 
might  attend  the  diagnosis.  I  refer  here  particularly  to  cases 
where  the  oligocythaemia  is  by  no  means  so  marked  as,  in  itself, 
to  be  distinctive ;  and  in  which  previous  loss  of  blood  has 
occurred,  perhaps  in  itself  sufficient  to  account  for  it.  Such 
cases,  so  far  as  their  degree  of  oligocythaemia  is  concerned, 
would  afford  fair  ground  for  the  view  that  pernicious  anaemia 
is  merely  an  extreme  manifestation  of  the  anaemic  process, 
specially  aggravated  by  loss  of  blood.  While  this  is  admitted, 
however,  I  find  that  the  extraordinary  degree  of  oligocythaemia 
is  really  one  of  those  features  which  point  very  strongly  to  per- 
nicious anaemia  being  a  form  of  anaemia  quite  distinct  in  its 
origin  from  that  resulting  from  loss  of  blood.^  The  oligo- 
cythaemia of  pernicious  anaemia  is,  however,  as  we  shall  see, 

[1  I  find,  namely,  that  the  highest  degrees  of  oligocythremia  are  easily  and  rapidly 
producible  by  hoemolytic  agents  ;  while  it  is  impossible  to  produce  such  degrees  by 
abstracting  blood.] 
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distinguishable  from  that  of  loss  of  blood  in  a  still  more  impor- 
tant particular,  viz.,  the  relative  richness  in  haemoglobin. 

Poikiloeytosis. — To  the  various  changes  in  the  shape  and  size 
of  the  red  corpuscles,  aptly  described  by  Quincke  under  the 
generic  term  poikiloeytosis,  to  which  so  much  attention  has  been 
given  by  various  observers,  I  attach  but  little  value.  They 
are  not  characteristic  in  my  experience  of  any  one  form  of 
anaemia,  but  depend  largely  on  the  degree  of  hydraemia  present. 
In  pernicious  anaemia,  indeed,  these  changes  are  far  more  marked 
than  in  any  other  form ;  but  that  is  dependent  more  upon  the 
greater  degree  of  anaemia  present  in  such  cases  than  upon  any 
other  factor. 

It  was  a  matter  of  special  interest  to  me  to  determine  how 
far  the  changes  mentioned  were  common  to  the  anaemia  resulting 
from  loss  of  blood,  and  to  that  resulting  from  increased  haemo- 
lysis, produced  by  destructive  agents,  such  as  pyrogallic  acid, 
injected  into  the  blood.  I  found  that  they  could  not  be  so  readily 
produced  by  loss  of  blood  as  by  the  action  of  destructive  agents  ; 
but  that  was  solely  due  to  the  fact  that  it  was  very  much  easier 
to  produce  a  profound  anaemia  by  the  latter  than  by  the 
former  method.  The  changes  in  the  corpuscles  were,  however, 
in  each  case  the  same  in  kind,  however  much  they  might  differ 
in  degree.^ 

The  poikiloeytosis,  therefore,  the  variation  in  the  size  and 
shape  of  the  red  corpuscles — so  commonly  met  with  in  perni- 
cious anaemia,  testifies  more  to  the  degree  of  anaemia  present 
than  to  its  character ;  except  in  so  far  that,  in  the  absence  of 
haemorrhage,  it  indicates  the  existence  of  a  degree  of  hydraemia 
and  oligocythaemia,  such  as,  in  my  experience,  one  only  meets 
with  as  the  result  of  an  increased  haemolysis. 

Eiehhopst's  Corpuscles.— Much  attention  has  also  been  directed 
to  the  presence  of  so-called  microcytes—t\\?i\.  is,  of  small,  spheri- 
cal, deeply-coloured  corpuscles  resembling  minute  red  blood- 

^  [This  is  true  with  one  exception,  which  I  would  specially  note.  The  remarkable 
change  in  the  red  corpuscles— an  oozing  of  their  stroma— figured  in  the  Frontispiece, 
and  photographed  in  Plate  I.,  is,  in  my  experience,  never  found  in  traumatic  anaemia,' 
It  is  a  change  I  regard  as  in  a  special  degree  of  luemolytic  origin.  It  is  never  found 
in  pernicious  anaemia  unless  during  an  active  exacerbation  of  the  disease  combined 
with  other  evidences  of  increased  haemolysis.] 
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corpuscles — as  being  more  or  less  characteristic.  First  described 
by  Quincke,  they  were  afterwards  more  minutely  described  by 
Eichhorst,^  who  claimed  that  they  were  pathognomonic.  Hence 
has  arisen  the  title  '  Eichhorst's  corpuscles,'  sometimes  given 
to  them.  The  term  iiiicrocyte  is  applicable  to  so  many  bodies 
discoverable  in  the  blood  that  the  use  of  it  in  any  restricted 
sense  only  tends  to  confusion.  These  elements  are  certainly 
present  in  the  great  majority  of  cases  of  pernicious  ana;mia, 
at  some  time  or  other  during  the  course  of  the  disease ; 
although  they  vary  ^  remarkably  in  their  number,  not  only  in 
different  cases,  but  in  the  same  case  at  different  periods.  They 
are  remarkable  for  their  smallness,  their  diameter  in  some  cases 
scarcely  exceeding  the  fourth  part  of  that  of  a  red  corpuscle  ; 
for  their  perfectly  spherical  form,  whatever  the  shapes  of  the 
other  corpuscles  in  the  blood  may  be  ;  and  lastly,  for  their  deep 
yellow  colour;  in  this  respect  sometimes  resembling  droplets  of 
oil  rather  than  corpuscles. 

They  are  distinguishable  by  their  uniform  spherical  shape  and 
depth  of  colour  from  the  various  coloured  microcytes  so  con- 
stantly seen  in  the  blood  in  various  conditions  of  profound 
ana;mia,  especially  that  due  to  loss  of  blood.  The  latter  present 
the  most  various  shapes — drawn  out,  pointed,  oval,  etc.;  and 
their  depth  of  colour  varies  for  the  most  part  according  to  their 
size,  in  no  case,  however,  exceeding  that  of  the  surrounding  red 
corpuscles. 

As  regards  their  nature,  opinion  has,  as  usual,  been  much 
divided,  Eichhorst  regarding  them  as  stages  in  the  evolution  of 
the  red  corpuscles,  and  therefore  as  an  evidence  that  blood 
formation  is  at  fault  ;  others,  again,  regarding  them  as  products 
of  blood  destruction  resulting  from  the  breaking  down  of  the  red 
corpuscles.  In  favour  of  the  former  view  is  the  fact  that  they 
have  been  described  by  two  observers  (Litten  ^  and  Lepine^)  as 
occurring  in  anjemia  resulting  from  loss  of  blood  ;  on  the  other 
hand,  they  were  found  by  another  observer  (Eisenlohr  •'')  to  be 

'  Centralhl.f.  d.  med.  Wiss.,  1876,  p.  466. 

2  Eisenlohr,  loc.  cit.,  1877,  p.  496;  Grainger  Stewart,  Brit.  Med.  Journ.,  !., 
1876,  40;  Wagner,  Berlin  /din.  Woch.,  1879;  Lepine  and  Germont,  Gaz.  MM.  de 
Pans,  1877,  No.  18. 

"'Berlin,  klin.  Wochen.,  1877,  No.  I,  No.  19. 

■*  Utiion  Mi'd.,  1877. 

5  Loc.  cit.,  p.  582. 
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absent  under  precisely  similar  conditions.  The  question  is  only 
of  interest,  in  so  far  as  it  concerns  the  importance  to  be  attached 
to  their  presence  in  pernicious  anaemia,  in  which  disease  they 
certainly  are  met  with  more  commonly  than  in  any  other.  Since 
when  present,  they  vary  much  in  number,  and  may  even  dis- 
appear for  a  time  altogether,  their  absence  in  any  case  can 
hardly  be  regarded  as  excluding  the  diagnosis  of  pernicious 
anaemia.  And  as  it  is  apparently  possible  for  them  to  be  present 
in  other  diseases  (Afanassiew^  found  them  in  a  case  of  typhoid 
fever),  I  conclude,  that  although  'yellow  spherical  microcytes ' 
are  not  pathognomonic  of  pernicious  anaemia,  their  presence  in 
any  case  of  doubtful  nature,  associated  with  marked  oHgo- 
cythasmia,  affords  a  valuable  indication  as  to  the  origin  of  the 
anaemia  we  are  dealing  with.  My  experiments  shew  that  similar 
bodies  can  be  produced  artificially  by  action  of  destructive  agents; 
that  they  mark  the  anaemia  as  due  to  excessive  destruction  of 
blood  and  not  to  deficient  formation, — that  they  denote  the 
ancemia  to  be  haemolytic,  not  haemogenic,  in  its  origin. 

Relative  Richness  in  Hsemog-lobin. — Another  feature  presented 
by  the  blood  in  some  forms  of  anaemia  is  of  special  interest.  I 
refer  to  the  comparative  richness  of  the  blood  in  hcEi/ioglobin, 
having  regard  to  the  number  of  corpuscles  present.  The  per- 
centage diminution  in  the  number  of  corpuscles  is  often  consider- 
ably greater  than  that  of  the  haemoglobin.  The  very  opposite  of 
the  condition  in  chlorosis  here  obtains.  Instead  of  70  to  80  per 
cent,  of  corpuscles,  with  some  20  or  25  per  cent,  of  haemoglobin, 
a  relation  not  infrequent  in  chlorosis,  it  is  not  uncommon  to 
find  in  pernicious  anaemia  30  or  40  per  cent,  of  haemoglobin 
associated  with  some  20  or  30  per  cent,  of  corpuscles.  Thus  in 
one  case  Coupland  ^  found  the  corpuscles  diminished  to  10  6  per 
cent,  of  the  normal  number,  while  the  haemoglobin  was  reduced 
only  to  30  per  cent.  Quincke  -^  found  that  while  in  general  the 
corpuscles  were  reduced  10  or  12  per  cent,  of  the  normal,  the 
haemoglobin  was  20  or  40  per  cent.  One  observer,  Laache,*  has 
attached  so  much  importance  to  this  relation,  as  to  regard  it  as 

^  D.  Archiv f.  klin.  Med.,  xxxv.,  1884,  p.  233. 
"^Lancet,  i.,  1881,  p.  571. 

3  Quincke,  D.  Arch.  f.  klin.  Med.,  xxv.  p.  577. 
•*  Laache,  Die  Amemie,  1883,  Christiania,  p.  224. 
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pathognomonic  of  pernicious  anaemia.  The  individual  corpuscles 
are  thus  larger  and  richer  in  hcnemoglobin  than  normal  blood- 
corpuscles. 

[The  following  are  some  of  the  figures  obtained  in  my  cases.] 
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In  what  proportion  of  cases  this  feature  is  to  be  found 
remains  a  subject  for  future  determination ;  but  its  presence  in 
a  certain  number  of  cases  is  one  of  the  characteristic  features 
peculiar  to  pernicious  anaemia  which  has  always  seemed  to  me 
urgently  to  call  for  explanation.  Laache  regarded  it  as  a  sort 
of  compensatory  hypertrophy  on  the  part  of  the  corpuscles. 

To  this  condition  of  the  blood  I  attach  no  little  value,  both 
clinically  and  pathologically.^  Its  pathological  significance  will 
be  seen  later.  As  regards  its  clinical  significance,  its  presence 
in  a  case  serves,  in  my  opinion,  to  distinguish  between  anaemia 
resulting  from  loss  of  blood  and  pernicious  anaemia.  The 
results  of  all  my  observations  on  animals  after  bleeding  (and  the 
same  conclusion  applies  to  man),  go  to  shew,  that,  after  haemor- 
rhage, the  haemoglobin  is  proportionately  more  reduced  than  is 
the  number  of  corpuscles, — the  very  reverse  of  what  is  found  in 
pernicious  anaemia.  Moreover,  it  takes  a  longer  time  to  be 
restored  to  the  normal  than  do  the  number  of  corpuscles. 

^  See  Cases,  postea. 
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Summary. 

The  foregoing,  then,  are  the  chief  anatomical  changes  found 
in  the  blood  in  pernicious  anremia.  It  will  be  noted  that,  with 
the  single  exception  of  the  relative  richness  in  Jiceinoglobin,  scarcely 
one  of  them,  unless  perhaps  as  to  degree,  can  be  regarded  as 
peculiar  to  this  anaemia.  The  other  changes — such  as  the 
oligocythsemia,  poikilocytosis,  presence  of  yellow  microcytes,  the 
occasional  presence  of  nucleated  red  corpuscles,  and  the  absence 
of  increase  in  the  number  of  white  corpuscles,  or  in  the  colourless 
granular  elements  of  the  blood — are  neither  absolutely  constant 
nor  distinctive.  It  is  only  when  they  co-exist  in  a  certain  high 
degree  and  in  certain  associations,  that  they  can  be  regarded  as 
sufficiently  distinctive,  clinically,  to  diagnose  that  form  of  anaemia 
which  we  term  par  excellence  pernicious. 

II. — Changes  in  the  Bone  Marrow. 

Nucleated  red  corpuscles  are  undoubtedly  to  be  found  in  the 
bone  marrow  in  large  numbers  in  the  great  majority  of  cases  of 
pernicious  anaemia.  Their  presence,  however,  is  neither  constant 
nor  distinctive.  On  the  one  hand,  they  have  been  described 
as  absent  altogether  in  certain  cases,  and  in  others  as  occurring  in 
small  numbers  only.  In  a  well-marked  case  of  this  disease,  which 
I  recently  examined,  nucleated  red  corpuscles  were  exceedingly 
few  in  number,  and  had  to  be  sought  for.  On  the  other  hand, 
they  have  been  found  in  the  bone  marrow  in  other  conditions, 
especially  in  cases  of  anaemia  resulting  from  severe  and  long- 
continued  haemorrhages,  as  in  a  case  of  metrorrhagia  described 
by  Neumann.^  Similar  changes  in  the  bone  marrow  have  also 
been  produced  experimentally  in  dogs  by  Litten  and  Orth,^  and 
by  Bizzozero  and  Salvioli,^  by  repeatedly  withdrawing  blood, 
and  thus  bringing  about  conditions  of  severe  anaemia. 

The  presence  of  nucleated  red  corpuscles  cannot  therefore  be 
regarded  as  pathologically  distinctive  of  pernicious  anaemia ; 
still  less  does  it  serve  to  explain  the  characteristic  clinical 
features  which  the  disease,  in  my  experience,  invariably  presents. 

^  Op.  cit. 

Berl.  klin,  IVoch.,  1877,  No.  51. 
^  Centralbl.f.  d.  vied.  Wiss.,  1879. 
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The  same  remark  applies  to  the  presence  of  corpuscle-carrying 
cells.  These  were,  at  first,  regarded  as  indicative  of  some  ex- 
cessive destruction  of  red  corpuscles,  peculiar  to  pernicious 
aniemia  ;  but  they  were  soon  shown  to  be  common  to  this  and 
many  other  conditions.  Thus  Osier,  in  observations  on  seventy- 
five  cases  of  disease  other  than  pernicious  anscmia,  found  these 
bodies  so  frequently  that  he  could  not  decisively  connect  their 
presence  with  any  one  disease.  They  were  specially  numerous 
in  phthisis,  pneumonia,  typhoid  fever,  and  ulcerative  endocarditis. 

My  own  observations  entirely  confirm  those  of  Osier,  On 
the  one  hand,  I  have  not  found  their  presence  in  excess  a 
constant  feature  of  pernicious  anaemia.  Thus,  in  one  case,  in 
an  elderly  man,  they  were  extraordinarily  numerous,  individual 
cells  containing  as  many  as  ten  or  twelve  old  red  corpuscles  ; 
while  in  another,  in  a  young  man,  they  were  exceedingly  few  in 
number.  On  the  other  hand,  I  have  found  them  very  numerous 
in  many  other  conditions,  especially  cases  of  wasting  disease  in 
elderly  people. 

The  nucleated  red  corpuscles  usually  present  a  high  degree 
of  coloration — this  appearance  indicating  a  great  richness  of 
the  corpuscles  in  haemoglobin,  similar  to  that  already  described 
in  the  red  corpuscles  of  the  blood.  Further,  in  most  cases,  as 
determined  by  micro-chemical  tests  such  as  the  application  of 
sulphide  of  ammonium,  the  bone-marrow  tissue  contained  a 
considerable  excess  of  iron,  partly  diffuse,  partly  in  granular 
form.  This  excess,  however,  is  not  constant,  nor  is  the  reaction 
of  iron  given  by  the  tissue  at  all  proportionate  to  the  amount  of 
granular  pigment  or  to  the  number  of  effete  red  corpuscles  it 
sometimes  contains. 

III. — Changes  in  the  Lymph  Glands. 

[The  only  changes  I  have  found  here  have  been,  in  certain 
cases,  a  swelling  and  congestion  of  the  gastric  and  mesenteric 
glands.  These  I  regard  as  results  of  the  local  lesions  in  the 
stomach  and  intestine  (see  p.  198).] 

IV. — Changes  in  the  Spleen. 

Size. — In  three  cases — for  the  opportunity  of  examining 
which  I  am  indebted  to  the  great  and  friendly  kindness  of  Dr. 
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Byrom  Bramwell— the  weights  were  19  ozs.,  1 1  ozs.,  and  10 
ozs.  respectively.  In  another  case,  on  which  I  made  a  necropsy 
recently  for  Mr.  Wherry  of  Cambridge,  the  spleen  weighed 
13  ozs.  In  all  these  cases,  therefore,  the  enlargement  has  been 
very  marked.  The  above,  however,  only  constitute  a  very  small 
proportion  of  the  cases  recorded.  In  the  great  majority  of 
cases  the  spleen  is  either  described  as  normal,  or  no  mention  is 
made  of  its  condition  at  all. 

Other  Features. — In  nearly  all  the  cases  which  have  come 
under  my  notice  the  spleen  has  been  soft  and  pulpy  in  consist- 
ence, like  the  spleen  of  fever,  and  has  presented  an  extremely 
deep  violet  or  purplisJi  colour,  contrasting  in  this  respect  very 
markedly  with  the  pallor  presented  by  all  the  other  organs  of 
the  body. 

Iron. — In  seven  cases  of  pernicious  anaemia  which  I  have 
had  the  opportunity  of  examining,  the  amount  of  iron  contained 
in  the  spleen,  as  determined  by  micro-chemical  examination,  has 
in  no  case  been  in  excess  of  that  met  with  in  certain  other  con- 
ditions, as,  for  example,  certain  cases  of  cirrhotic  Bright's  dis- 
ease. In  three  cases,  no. reaction  of  iron  was  obtained  at  all,  in 
contrast  to  that  usually  met  with  in  normal  conditions. 

Summary. 

So  far  then  as  the  bone  marrow,  lymphatic  glands,  or  spleen 
— the  chief  seats  of  blood  formation — are  concerned,  I  have  not 
found  the  changes  either  sufficiently  constant,  or  sufficiently 
distinctive  to  throw  any  light  on  the  nature  of  the  disease. 
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CHANGES  IN  THE  LIVER. 

Results  of  Micro-Chemieal  Studies. 

We  have  seen  that  the  changes  in  the  spleen,  red  bone 
marrow,  and  lymphatic  glands  are  not  sufficiently  prominent  or 
constant  to  be  regarded  as  the  essential  anatomical  changes  in 
this  disease.  The  case  is,  I  find,  very  different  when  we  come 
to  consider  the  changes  denoting  disturbances  of  blood- 
destruction. 

The  observations  of  Quincke  and  his  pupil,  Peters,  had  shewn 
that  an  excess  of  iron  in  the  liver  was  a  more  or  less  marked 
feature  of  certain  cases,  denoting  a  "  haemophthisis "  to  be  a 
special  feature  of  such  cases.  It  was  not,  however,  in  any  way 
distinctive  ;  a  similar,  or  even  greater  excess,  being  found  in 
other  conditions  :  e.g.,  diabetes  and  typhoid  fever. 

Results  of  Micro-Chemical  Obsei'vations. — My  own  observations 
in  nine  cases  of  pernicious  ansemia  enable  me  fully  to  confirm 
these  observations  of  Quincke  as  to  the  presence  of  this  excess, 
and  as  to  its  independence  of  the  administration  of  iron  medicin- 
ally. In  all  cases,  without  exception,  I  have  found  a  great 
excess  of  pigment  in  the  liver,  differing  entirely  in  its  distribution 
and  its  character  from  that  sometimes  found  in  that  organ  as 
the  result  of  extravasation,  or  as  the  result  of  chronic  venous 
congestion.  My  observations,  however,  lead  me  to  attach  to  this 
change  in  the  liver  a  distinctive  importance,  in  regard  both  to  its 
pathological  and  its  diagnostic  significance.  The  presence  of 
this  pigment  is  the  most  constant  morbid  change  in  this 
disease  ;  it  is  no  less  constantly  absent  in  the  anaemia  of  wasting 
disease,  and  of  haemorrhage. 
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My  observations  shew,  with  regard  to  the  pigment 
changes  in  the  liver,  that  they  are  in  a  high  degree  dis- 
tinctive, and  are  such  as  to  mark  off  pernicious  anemia 
from  the  other  varieties  of  anaemia  most  liable  to  be  con- 
founded with  it  clinically  :  namely,  the  anaemia  of  malignant 
disease,  of  wasting  diseases  from  discharges  and  the  like, 
and  of  loss  of  blood  ;— and  from  none  of  these  forms  more 
sharply  than  from  the  latter,  the  one  whose  degree  of 
oligocythsemia,  as  we  have  seen,  approaches  it  most 
closely. 

These  distinctive  changes  consist  for  the  most  part  of 
deposit  of  blood  pigment  within  the  liver^ — also  within 
the  kidney — of  a  character^  amounty  and  constancy,  such 
as  to  denote  an  excessive  destruction  of  blood  as  one  of 
the  most  characteristic  features  of  the  disease.  Similar 
changes  I  find  no  less  constantly  absent  in  traumatic 
anaemia,  and  the  anaemia  of  wasting,  or  malignant  disease. 

Origin  of  Interest  in  the  Subject. — It  may  be  noted  incident- 
ally, how  my  interest  in  pernicious  anaemia  first  arose.  It  arose 
from  studies  regarding  blood  pigment — its  origin  from  haemo- 
globin ;  its  distribution  in  certain  organs,  notably  the  liver  and 
spleen,  more  particularly  the  former;  and  especially  its  depend- 
ence upon  and  relation  to  the  presence  of  extravasated  blood  in 
various  parts  of  the  body.  While  engaged  in  these  studies,^ 
(1885)  I  had  occasion  to  examine  the  liver  from  a  case  of 
pernicious  anaemia.  The  excess  of  pigment  in  this  case  was  so 
great — so  very  much  greater  than  in  any  other  case  I  had  ever 
observed,  that  it  particularly  arrested  my  attention,  more 
especially  as  it  was  unaccompanied  by  any  excess  at  all  within 
the  spleen.  A  detailed  study  of  the  liver,  in  this  case,  revealed 
important  differences,  both  as  to  character  and  distribution, 
between  this  pigment,  and  that  derived  from  blood  extravasated 
into  the  liver,  (as  in  portal  cirrhosis).  Moreover,  my  experi- 
ments shewed  me,  that  the  condition  could  not  be  produced 
by  absorption  of  blood  from  elsewhere.  Hence,  I  concluded 
that  it  denoted  an  excessive  destruction  of  blood  ;  moreover, 
that  the  liver  was  specially  concerned  in  this  destruction. 

'  W.  Hunter.  "Intraperitoneal  Transfusion  of  Blood,  and  the  Fate  of  Absorbed 
Blood:  An  experimental  Research."  Journal  of  Anatomy  and  Physiology,  xxi.,  1887. 
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"  The  three  great  seats  of  blood  destruction  are  the  Liver, 
the  Spleen,  and  the  Bone  marrow.  The  evidence  of  a  blood- 
destroying  function  on  the  part  of  the  liver  under  normal 
circumstances  is  mainly  functional  in  its  nature — namely, 
formation  of  bile  pigments,  perhaps  also  of  urea ;  under 
abnormal  circumstances,  however,  it  is  also  histological  and 
chemical,  namely,  accumulation  of  pigment  within  the  liver 
cells,  and  greater  richness  of  the  liver  in  free  iron." 

"  In  health  an  accurate  balance  is  maintained  between 
the  amount  of  blood  destruction  going  on  in  the  liver  and 
spleen  respectively.  Any  disturbance  of  this  relation  on 
the  part  of  the  liver  is  liable  to  be  followed  by  much  more 
serious  consequences,  {e.g.  Pernicious  Ansemia)  than  any 
disturbance  on  the  part  of  the  spleen  ;  the  reason  being,  that 
the  destructive  process  within  the  liver  is  of  a  much  more 
active  character  than  that  within  the  spleen.  Pernicious 
anaemia  is  not  a  disease,  but  only  the  result  of  disease,  being 
due  to  increased — morbid  activity — on  the  part  of  one  of 
the  blood-destroying  organs — the  liver."  ^  (1886). 

From  this  time  forward  my  studies,  formerly  directed  to  the 
mode  of  origin  and  source  of  blood  pigment  in  general,  became 
directed  more  particularly  to  the  remarkable  distribution  of 
pigment  in  pernicious  anaemia,  focussing  as  this  appeared  to 
do  all  the  problems  connected  with  blood  pigment  in  particular, 
and  blood  destruction — its  nature  and  seats — in  general.  Ex- 
amination of  material  from  six  cases  of  pernicious  anaemia  kindly 
furnished  me  (1887)  by  Dr.  Byrom  Bramwell,  and  from  three 
other  cases,  satisfied  me  that  the  excess  of  pigment  was  constant ; 
and  comparative  studies  of  the  liver  in  various  diseases  character- 
ized by  more  or  less  profound  anaemia — e.g.  typhoid  fever,  chronic 
Bright's  disease,  tubercular  and  syphilitic  disease,  phthisis,  em- 
pyema, chronic  suppurations,  malignant  disease  ;  also  Addison's 
disease,  diabetes,  leucocythaemia  ;  also  diseases  of  the  liver  itself, 
e.g.  acute  yellow  atrophy,  toxic  poisoning,  portal  cirrhosis, 
chronic  venous  congestion  ('nutmeg  liver'),  fatty  degeneration  ; 
— satisfied  me  that,  in  its  degree,  it  was  characteristic. 

^  Wm.  Hunter.     "The  Physiology  and  Pathology  of  Transfusion  :  and  the  Fate 
of  Extravasated  Blood."    Gold  Medal  Thesis,  University  of  Edinburgh,  1886. 


Fig.  1.— liver  IN  PERNICIOUS  AN.EMIA.    x  25. 

Sliowins  the  extraordinary  excess  of  blood  pigment;  its  uniform  distri- 
bution amongst  the  lobules  ;  its  special  abundance  in  tlie  outer  two-thirds 
of  the  lobule;  and  its  situation  within  the  hepatic  cells.  Unstained. 
Treated  with  ferrocyaniile  of  potassium  and  hydrochloric  acid.  (Prussian 
blue  reaction.)  The  darker  portions  represent  blood  pigment. 


Fig.  2.-LIVER  IN  PERNICIOUS  AN/EMIA.    x  25. 

Showing  the  great  excess  of  blood  pigment;  its  uniform  distribution 
amongst  the  lobules ;  its  special  abundance  in  the  periphery  of  the 
lobules  ;  and  the  fatty  degeneration  of  the  centres  of  the  lobules 


Pernicious  Avmnia,  Dr.  W.  Utnitcr. 
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The  condition  was  thus  not  a  mere  wasting  of  the  corpuscles 
hczmophtkisis")  common  to  this  and  other  forms  of  aniemia, 
as  Quincke  appeared  to  suggest ;  nor  could  it,  in  the  light  of 
the  studies  of  certain  observers  (1883-1884),  regarding  the  effect 
on  the  liver  of  iron  administered  by  the  mouth,  be  reasonably 
ascribed  to  deposit  of  iron  from  that  source.  Moreover  my 
own  special  studies  shewed  that  it  could  not  be  ascribed  to 
absorption  of  extravasated  blood  either  in  the  liver,  or  else- 
where. Hence  the  conclusion  above  formulated,  that  the  excess 
denoted  an  actual  destruction  of  blood  as  the  most  constant,  and 
— in  regard  to  all  the  forms  of  anaemia  {secondary,  symptomatic) 
liable  to  be  mistaken  for  it  during  life,  e.g.  the  anaemia  of 
malignant  disease,  loss  of  blood,  etc., — an  absolutely  distinctive 
feature  of  pernicious  anaemia.  Hence  this  excess  of  pigment 
seemed,  at  the  very  outset  of  my  observations,  to  deserve 
special  attention.  The  result  of  these  observations  with  regard 
to  the  significance  of  this  condition  of  the  liver  I  shall  now  give. 


Excess  of  Blood  Pigment. 


Amount. —  This  varies  in  different  cases.  In  all  cases  it  is 
large :  in  some,  quite  extraordinarily  abundant.  The  thinnest 
sections  of  the  liver,  prepared  for  histological  purposes,  on  being 
placed  first  in  a  solution  of  ferrocyanide  of  potassium,  and  then 
in  a  dilute  solution  of  hydrochloric  acid  (2  per  cent.),  yield  at 
once  the  marked  blue  reaction  of  free  iron  (Prussian  blue),  or 
blackened  if  placed  in  sulphide  of  ammonium  solution.  Sections 
of  the  liver  from  cases  of  malignant  disease,  loss  of  blood,  and 
wasting  diseases  generally,  similarly  treated,  yield  either  no 
reaction,  or  at  most  the  faintest  blue  ;  and  that  only  after 
lying  in  the  acid  for  some  time.  In  the  case  of  pernicious 
anaemia,  the  liver  section  reveals,  on  microscopic  jxamination, 
all  the  individual  particles  of  pigment  stained  a  deep  blue 
colour.  In  the  other  sections,  the  faint  blue  coloration  recofr- 
nizable  by  the  naked  eye  is  hardly  distinguishable  on  micro- 
scopic examination  ;  it  appears  to  be  due  rather  to  the  disin- 
tegrating action  of  the  acid  on  the  iron  normally  present  in  the 
hepatic  tissue,  than  to  any  pigment  particles  present.  Hence 
in  no  case,  when  comparing  conditions  in  the  two  cases,  should 
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the  acid  used  be  strong,  or  the   exposure  to  its  action  be 
long. 

For  a  similar  reason,  in  no  case  should  comparisons  be  made 
betwixt  the  degree  of  colour  reaction  given  by  larger  pieces  of 
liver,  placed  in  the  appropriate  solutions.  A  piece  of  liver  allowed 
to  lie  in  the  test  solution  will  always  give  a  degree  of  colour  re- 
action, either  black  or  blue,  as  the  case  may  be — due  to  the 
normal  presence  of  iron  in  the  liver  tissue,  especially  when  the 
reagent  is  a  strong  acid.  And  this  colour  reaction,  however  slight 
it  be,  will  appear  to  be  stronger  when  seen  in  a  bulk  of  tissue. 
This  is  an  error  frequently  made,  and  it  must  be  avoided  if  the 
relative  abundance  of  pigment  in  the  liver  in  these  cases  is  to  be 
properly  appreciated  by  micro-chemical  tests. 

Distribution. — The  distribution  of  the  pigment  is  uniform 
throughout  the  organ — i.e.  in  every  lobule — and  not  irregularly 
distributed  at  different  parts,  as  one  finds  it  in  cases  of  portal 
cirrhosis  (figs,  i  and  2,  Plate  II.). 

This  peculiar  distribution  serves  to  distinguish  this  pigment 
accumulation  in  the  liver  from  that  found  in  cases  of  cirrhosis, 
where  extravasations  of  blood  are  so  often  met  with.  The 
pigment  is  there  found  in  irregular  masses,  made  up  of  granules 
and  globules  of  pigment  of  the  most  varying  size,  lying  around 
the  lobule  in  the  perilobular  connective  tissue.  The  distribution 
of  the  pigment  masses  is  simply  determined  by  the  site  of  the 
original  extravasations  (fig.  i,  Plate  IV.). 

Relation  to  Lobule. — It  is  always  most  abundant  in  the  outer 
part — generally  the  outer  two-thirds  of  the  lobule — ;  in  which 
it  contrasts  with  the  condition  found  in  the  '  nutmeg  liver,' 
where  any  pigment  due  to  extravasation,  that  may  be  present, 
is  confined  to  the  central  zone  of  the  lobule. 

This  situation  of  the  pigment  in  cases  of  pernicious  anjemia 
serves  at  once  to  distinguish  this  condition  of  the  liver  from 
that  found  in  chronic  venous  congestion.  In  this  latter  con- 
dition it  is  also  common  to  find  pigment  in  the  liver;  but  it  is 
found  most  abundant  around  the  central  vein  of  the  lobule,  and 
may  be  entirely  confined  to  this  situation,  the  liver  cells  at  the 
periphery  of  the  lobule  being  free  from  pigment.  Moreover,  an 
even    more   marked   distinction   exists — viz.,  that  in  chronic 
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Fig.  1.— liver  OF  PERNICIOUS  AN.EMIA.    x  350. 

Showing  character  and  distribution  of  blood  pigment— most  abundant 
in  the  liver  cells  ;  very  little  iu  the  capillaries. 


Fio.  2.— LIVER  OF  PERNICIOUS  AN/EMI  A.    x  .300. 

Showing  the  situation  of  the  granules  of  ]iigment  in  relation  to  the  bile 
capillaries. 
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venous  congestion  the  pigment  never  gives  any  reaction  of  iron 
with  the  ordinary  micro-chemical  reagents. 

Relation  to  the  Liver  Cells.  — TXx'^  pigment  Hes  within  the 
Hver  cells  ;  in  some  cases  almost  exclusively  there,  hardly  a  par- 
ticle being  found  in  the  capillaries  ;  in  all  cases,  most  abund- 
antly there.  In  some  cases,  it  is  also  found  in  the  capillaries, 
either  within  the  leucocytes  or  within  the  endothelial  cells  lining 
the  capillary  walls.  The  pigment  occupies  the  centre  of  the 
hepatic  columns,  and  appears  to  be  situated  in  the  middle  of  the 
liver  cells.  On  examination  it  is  found  to  lie  to  one  side  of  the 
liver  cell,  adjacent  to  the  bile  capillaries  (figs,  i  and  2,  Plate  III.). 

Character  of  the  Pigment. — The  pigment  is  in  the  form  of 
yellow  granules,  varying  somewhat  in  size  in  different  cases,  but 
in  each  instance  fairly  uniform  in  size  (i-2  /x).  It  is  rich  in  iron, 
and  gives  the  iron  reaction  readily.  This  latter  character  serves 
as  a  further  distinguishing  feature  betwixt  it  and  the  pigment 
found  in  chronic  congestion  of  the  liver.  In  the  latter,  the 
pigment  gives  no  reaction  of  iron  with  micro-chemical  reagents. 

As  the  result  of  all  these  changes  in  well-marked  cases  the 
whole  appearance  of  the  liver  lobules  is  transformed.  The  liver 
cells  in  the  outer  two-thirds  of  the  lobule  are  usually  filled  with 
minute  pigment  granules,  all  giving  the  characteristic  reaction  of 
iron  ;  while  the  cells  in  the  central  third  of  the  lobule  usually 
show  marked  fatty  degeneration  and  atrophy,  and  the  yellow 
pigment  granules  often  found  within  them  fail  to  give  any 
reaction  of  iron  (figs,  i  and  2,  Plate  II.). 

Micro-chemical  Tests  for  Iron. — The  presence  of  this 
pigment  is,  as  already  stated,  most  easily  determined  by 
placing  a  piece  of  the  tissue  in  a  fresh  solution  of  sulphide  of 
ammonium.  The  reagent  at  once  darkens  all  pigment, 
whether  in  diffuse  or  granular  form,  in  which  iron  is  pre- 
sent in  loose  combination,  most  usually  in  the  form  of  an 
albuminate.  Iron  as  it  is  present,  intimately  bound  up  in 
the  haemoglobin  molecule,  is  not  affected  by  this  reagent. 
Hence  the  colour  reaction  obtained  is  in  no  way  affected 
by  the  richness  of  the  organ  or  tissue  in  blood — a  matter 
of  the  greatest  importance  where,  as  is  often  the  case,  the 
organ  is  congested.    This  test  is  the  best  for  fresh  tissues. 
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An  equally  valuable  micro-chemical  reagent  is  ferro- 
cynnide  of  potassiuvi  witJi  hydrochloric  acid ;  this  gives,  with 
such  pigment,  a  beautiful  blue  reaction  (Prussian  blue  re- 
action). In  using  this  reagent,  two  precautions  are  essential, 
(i)  The  solution  of  the  ferrocyanide  should  be  freshly  pre- 
pared ;  (2)  only  a  dilute  solution,  2  per  cent,  of  the  acid 
should  be  employed,  and  the  tissue  should  be  exposed  to 
action  for  half  a  minute  or  a  minute.  Prolonged  contact 
with  strong  hydrochloric  acid  develops  in  time  a  blue 
reaction,  even  with  ordinary  tissues,  owing  to  the  iron  they 
contain  ;  still  more  with  haemoglobin. 

With  either  of  the  above  reagents,  and  with  the  pre- 
cautions already  indicated  as  to  using  thin  sections,  there 
is  no  difficulty  in  at  once  recognizing  the  extraordinary 
excess  of  pigment  in  the  liver  in  cases  of  pernicious  anaemia. 

Signifieance  of  this  Excess. — As  already  stated,  my  observa- 
tions dispose  me  to  attach  quite  a  special  significance  to  this 
condition. 

(i)  It  cannot,  I  consider,  be  ascribed  to  the  administration 
of  iron  during  life.  The  observations  of  Kobert,^  of  Cahn,^  and 
of  Glavecke^  all  agree  in  shewing  that  the  richness  of  the  liver, 
in  iron  is  in  no  way  affected  by  the  administration  of  that  drug 
by  the  mouth,  and  only  slightly  by  its  subcutaneous  injection. 
(Glavecke). 

After  the  injection  of  iron  into  the  blood,  the  metal  could  be 
found  abundantly  in  the  epithelial  cells  of  the  convoluted  tubules  of 
the  kidney,  and  in  their  lumen,  as  early  as  half  an  hour  afterwards, 
never,  however,  in  the  glomeruli,  and  not  in  all  the  convoluted 
tubules.  After  the  internal  administration  of  the  drug,  no  absorption 
of  the  metal  took  place.  (Robert.) 

Cahn  found,  with  regard  to  manganese,  that  no  absorption  of 
this  metal  took  place  from  the  intestine. 

Robert  experimented  on  rabbits  (twenty  in  number),  adminis- 
tering doses  of  o"  1 2  to  I  gramme  of  iron  salts  (citrate  of  iron,  chiefly). 
The  greatest  excretion  took   place  through  the  kidneys ;  less 

^  Archiv  f.  exper.  Pathol.  2i.  Pharmak.,  Bd.  xvi.,  1883,  p.  390. 
Ibid.,  "Resorptions-  und  Aus-scheidungsverhaltnisse  des  Mangans  im  Organ- 
ismus,"  Bd.  xviii.,  1884,  p.  146. 

Ibid.^  "  Ueber  Subcutane  Eiseninjectionen,''  Bd.  xvi.,  1883,  p.  469. 
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through  the  Hver;  none  at  all  through  the  pancreas,  stomach, 
salivary  glands,  or  intestine.    In  the  kidney  the  secretion  com- 
menced half  an  hour  after  injection,  reached  its  height  in  two  to 
four  hours,  and  ended  by  the  twenty-fifth  hour.    Four  to  six  hours 
after  the  injection,  there  was  always  an  increase  in  the  iron  of  the 
bile.    In  the  kidneys,  the  glomeruli  were  always  found  free  from  iron. 
From  one  to  nine  hours  after  the  injection  the  convoluted  tubules 
contained  iron,  not  only  in  the  lumen,  but  in  the  form  of  fine 
granules  within  the  cells  themselves  always  lying  close  to  the  lumen, 
not — as  Quincke  found  in  pernicious  anaemia — in  the  deeper  part 
of  the  cells.    After  the  ninth  hour  only  a  few  convoluted  tubules, 
especially  those  near  the  surface,  contained  iron  lying  in  the  lumen, 
sometimes  in  large  masses,  sometimes  in  the  form  of  larger  or 
smaller  granules,  lying  close  to  the  edge  of  the  epithelial  cells.  The 
iron  was  excreted  through  the  activity  of  the  epithelial  cells.  Liver. 
— Till  the  ninth  hour,  all  the  cells  were  diffusely  coloured,  containing 
more  or  less  fine  granules.    Later,  only  the  cells  of  the  peripheral 
parts  of  the  lobule  were  diffusely  coloured  without  granules;  and 
still  later,  only  a  few  irregularly  scattered  liver  cells  were  diffusely 
stained. 

He  considered  that  the  iron  in  solution  was  taken  up  by  the 
liver  cells  and  combined  there  with  albumins  to  form  albuminates 
of  iron,  which  remained  in  the  form  of  granules.  This,  however, 
was  only  temporary ;  the  iron  passed  again  into  solution,  and  was 
excreted  in  the  bile.  The  excretion  did  not  take  place  in  all  cells, 
or  to  an  equal  extent  in  all.  The  injections  had  no  influence  on 
the  amount  of  iron  in  the  spleen  and  bone  marrow. 

The  source  of  the  pigment  in  the  liver  in  pernicious  ancBinia 
can  theixfoi'e  only  be  the  hcemoglobin  of  the  blood. 

(2)  The  question  then  arose,  whether  this  excess  of  iron  in 
the  h'ver  stood  in  any  causal  relation  to  the  peculiar  features  of 
the  anaemia,  or  was  merely  the  result  of  some  general  weakness 
of  the  red  corpuscles  common  to  this  and  other  forms  of  anaemia. 
I  therefore  made  a  large  number  of  observations  on  the  liver  in 
various  diseases,  with  a  view  to  determine  how  far  an  excess  of 
pigment  in  the  liver  was  common  to  all  forms  of  aniemia  alike, 
varying  merely  in  different  cases  according  to  the  degree  of 
anaemia  present.    If  the  richness  of  the  liver  in  iron  was  merely 
an  indication  of  some  weakness  on  the  part  of  the  red  corpuscles 
common  to  the  corpuscles  and  other  tissue  elements  of  the  body, 
it  might  be  expected  that  in  other  conditions  of  anaemia— ^-.p-.' 
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wasting  diseases, — marked  by  failure  in  nutrition,  a  similar  con- 
dition of  the  liver  would  be  found. 

With  regard  to  this  question  how  far  the  excess  of  pigment 
is  merely  the  result  of  a  general  iveakness  of  corpuscles  common 
to  this  and  other  forms  of  anaemia,  my  observations  supply  a 
very  definite  answer.  The  conditions  which  should,  in  respect 
of  abundance  of  pigment  in  the  liver,  most  closely  approach  per- 
nicious anremia,  would  be  such  as  malignant  disease,  or  wasting 
disease,  which  clinically  are  regarded  as  resembling  most  closely 
pernicious  anaemia.  On  the  contrary,  it  is  precisely  these  con- 
ditions which  I  find  offer  the  greatest  contrast  to  pernicious 
anaemia.  My  observations  shew,  and  Peters'  observations  agree 
therewith  in  this  particular,  that  it  is  precisely  in  these  conditions 
that  the  liver  generally  gives  no  reaction  of  iron  at  all. 

Even  with  regard  to  other  conditions,  in  which  the  liver  gives 
some  iron  reaction — eg.  chronic  Bright's  disease — there  is,  I  con- 
sider, a  very  marked  contrast  between  the  two  conditions.  The 
reaction  in  such  a  disease  is,  in  my  experience,  very  slight, 
hardly  to  be  compared  with  the  condition  in  pernicious  anaemia. 
On  this  ground,  the  grouping  adopted  by  Peters  tends  to  lead  to 
error.  For  all  his  cases  are  grouped  together,  according  as  they 
give,  or  do  not  give,  an  iron  reaction,  irrespective  of  the  amount 
or  distribution  or  general  characters  of  the  pigment  present. 
His  observations  appear  to  shew  that  some  excess  of  iron  in  the 
liver,  recognizable  even  on  micro-chemical  examination,  is  a' 
condition  by  no  means  peculiar  to  pernicious  anaemia,  but  is 
met  with  in  a  very  considerable  proportion  of  cases  (44  per  cent.). 
Thus  cases  of  cirrhotic  Bright's  disease  are  grouped  on  the  one 
hand  with  cases  of  pernicious  anaemia,  and  on  the  other  with 
cases  of  purpura  haemorrhagica.  But  the  amount  of  pigment  in 
the  first  of  these  diseases  is,  in  my  experience,  so  small  as  scarcely 
to  give  any  appreciable  reaction  ;  while  in  the  latter  the  liver 
often  contains  a  very  large  quantity  of  pigment,  quite  easily 
distinguishable  by  its  distribution  from  pernicious  anaemia. 

In  purpura  haemorrhagica  the  pigment  is  found  in  large 
irregular  heaps,  scattered  irregularly  throughout  the  liver.  In 
pernicious  anaemia  the  pigment  is  in  the  form  of  fine  granules, 
lying  for  the  most  part  within  the  liver  cells  and  distributed 
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uniformly  throughout  the  Hver,  and  confined  for  the  most  part  to 
the  outer  two-thirds  of  each  lobule. 

The  observations  of  Peters  are  therefore  likely  to  lead  to  a 
wrong  conclusion  if  they  are  regarded  as  indicating  that  in  44 
per  cent,  of  cases  the  liver  contains  any  excess  of  iron  at  all  com- 
parable with  that  present  in  pernicious  anaemia.  It  would  be 
an  analogous  case  to  deny  to  the  atrophy  of  progressive 
muscular  atrophy  any  special  significance,  because  so^/ie  degree 
of  atrophy  is  also  characteristic  of  typhoid  fever,  phthisis,  or 
diabetes. 

Conclusion. 

The  excess  of  pigment  in  the  liver  in  pernicious  anaemia  is 
thus,  according  to  my  observations,  neither  the  result  of  con- 
gestion, nor  simply  a  result  of  profound  aneemia  of  like  character 
to,  only  exceeding  in  degree,  that  found  in  ordinary  ansemia. 
On  the  contrary,  it  is  a  feature  so  constant  and  so  marked  that 
it  must  be  regarded  as  standing  in  direct  causal  relation  to 
the  peculiar  features  presented  by  the  anaemia  itself.  In  no 
disease  liable  clinically  to  be  mistaken  for  pernicious  ancBmia  does 
the  richness  of  the  liver  in  pigment  and  iron  approach  that 
constantly  present  in  pernicious  anaemia.  And  this  is  especially 
true  of  those  forms  of  anaemia  associated  with  wasting  disease, 
regarded  by  Dr.  Coupland  and  other  observers  as  the  sympto- 
matic, deuteropathic,  or  secondary  forms  of  pernicious  anaemia. 
My  observations  shew,  that  the  liver  in  these  cases  shews  no  excess 
■of  pigment  at  all.  This  difference  is,  I  find,  sufficient  to  enable 
one,  on  post-mortem  examination,  to  distinguish  between  a  true 
case  of  pernicious  anaemia,  and  those  forms  of  anaemia  which 
resemble  it  in  degree  of  pallor  most  closely  during  life,  namely, 
the  anaemia  of  malignant  disease  and  of  loss  of  blood. 
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Results  of  Chemical  Analysis. 

It  was  of  interest,  in  connection  with  these  conclusions,  based 
on  the  results  of  micro-chemical  tests,  to  ascertain  how  far  their 
accuracy  was  borne  out  by  actual  chemical  analysis  in  these 
cases.  It  was  conceivable  that  the  differences,  as  revealed  by 
micro-chemical  tests,  might  be  apparent  rather  than  real :  that 
they  might  be  due  to  the  fact  that  in  the  one  case  (pernicious 
anaemia)  the  iron  was  in  a  form  (blood  pigment)  which  could  be 
detected  by  micro-chemical  tests,  while  in  other  conditions  the 
iron  might  be  no  less  abundant,  but  more  intimately  bound 
up,  so  as  not  to  give  any  micro-chemical  reaction. 

Micro-chemical  tests,  it  was  true,  had  this  great  advantage, 
that  the  presence  of  blood  in  the  organ  in  no  way  affected  the 
reaction.  On  the  other  hand,  they  had  the  disadvantage  of  not 
being  sufficiently  delicate  to  detect  the  presence  of  exceedingly 
minute  quantities  of  iron,  especially  if  these  were  organically 
bound  up,  as  in  protoplasm  or  in  hemoglobin. 

To  determine  this  point,  I  collected  and  made  a  study  of  all 
the  analyses  of  the  liver  made  with  regard  to  the  percentage  of 
iron  in  the  liver  in  various  diseases,  including  pernicious  anaemia. 
These  are  thirty-three  in  number,  and  have  been  arranged  and 
summarized  in  the  following  Tables  (I.-VIII.). 


[Tables  I.— VIII. 
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Table  L — Analyses  shewing  Percentage  of  Iron  in  the  Liver 
and  Spleen  in  HealtJi  and  various  Diseases.  (1875-1888.) 


Percentage  of  Iror 

(per  100  parts 

No. 

Various  Diseases. 

dry  substance). 

Observer. 

Liver. 

Spleen. 

I 

Burn,  with  marked  anjemia; 



spleen  enlarged,  . 

0-031 

0-252 

Stahel.i 

2 

Fracture  of  base  of  skull,  . 

o'i67 

0-2  I  7 

>> 

3 

Fracture  of  sternum,  and 

injuries, 

0'20I 

0-268 

4 

Marasmus ;  nutmeg  liver  ; 
congested  spleen,  . 

0-075 

0-062 

5 

Pneumonia;  diphtheria,  . 

Q-T 

6 

Pneumonia ;   gangrene  of 

lun^f. 

'^""&>  .... 

0-048 

0-163 

7 

Pleurisy  :  bronchitis  :  nut- 
meg   liver ;  congested 

spleen, 

0-038 

0-125 

»> 

8 

Htemorrhage  medulla  ob- 

long, 

0-044 

0*084 

)> 

9 

-L/CUKdClIlltl,  . 

0-102 

0-329 

)> 

10 

A/icemia,  .... 

0-614 

0-091 

1 1 

Mental  disease. 

o-o8t 

Oidtmann.2 

12 

Syphilis  neonati. 

0-103 

)) 

Leukjemia, 

V.  Bemmelen.3 

14 

>>••.. 

>'396] 

Graanboom.-* 

IS 

Pneumonia, 

0-099 

)) 

16 

Burn,  .... 

0-039 

^  Virch.  Archiv,  Bd.  Ixxxv.,  1881,  p.  26. 

2  Quoted  by  Zalcski,  Zeitschrifi  fur  physiol.  Chcmie,  Bd.  x.  1886 
^  Ibid.,  Bd.  vii.,  1883,  p.  497. 

*  Archiv  fiir  exper.  Pathol,  u.  Pharmak.,  Bd.  xv.,  1882. 
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Table  I. — continued. 


No. 

Various  Diseasfs 

Percentageof  Iron 
(per  100  parts 
dry  substance). 

T  * 

Liver. 

0  1 

bpleen. 

17 

Phthisis,  .... 

o'l  14 



Graanboom.^ 

18 

Nephritis, 

0*129 

19 

Carcinoma  uteri, 

0*023 

J) 

20 

Pernicious  ance/nia,  . 

"1    OA  A 

1  890 

Quincke. 2 

2  I 

jj            >)        •  • 

u  ooy 

■  •  • 

)> 

22 

>)            >>        •  • 

0  364 

>> 

23 

)j            >i        •  • 

>) 

24 

>>            >)        •  • 

0*6 

"... 

)) 

25 

Cachexia, 

0*294 

j> 

26 

Typhus;  hydroceph., 

0*581 

>> 

27 

Diabetes  melUtus, 

(3*607) 

J) 

28 

Human  foetus  (8  months), 

0*147 

Zaleski.' 

29 

Diabetes  mellitus, 

0*068 

4 

5) 

30 

Purpura  hsemorrhagica, 

0*036 

)) 

31 

Pernicious  ancBjnia,  . 

0  623 

)) 

32 

Purpura  hsemorrhagica, 

(1*24) 

Hindenlang.^ 

33 

Pernicious  ancemia^  . 

0-518 

0227 

Rosenstein.^ 

1  Archiv  fiir  eAper.  Pathol,  u.  Pharmak.^  Bd.  xv.,  1882. 
Detdsch.  Archiv  filr  /din.  Med.,  Bd.  xx.,  1877,  p.  I  ;  Bd.  xxv.  p.  567;  Bd. 
xxvii.,  1880,  p.  193  ;  Bd.  xxxiii. ,  1883,  p.  22. 

3  Zeitschrift  fiir physiol.  Cheinie,  Bd.  x.,  1886,  p.  474. 

•*  Virch.  Archiv,  Bd.  civ.,  1886,  p.  91. 

5  Ibid.,  Bd.  Ixxix.,  1880,  p.  492. 

^  Berl.  klin.  Wochensch.,  1877,  p.  113. 
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Summary. 

Table  II. — Average  Percentage  of  Iron  in  Liver  in  various 
Diseases  other  than  Pernicious  A  ncsmia} 


Observer. 

IN  0.  01 

Analyses. 

Percentage  of  Iron. 

Highest  and  lowest 
percentages. 

Stahel,  . 
Oidtmann, 
V.  Bemmelen, 
Graanboom,  . 
Zaleski, . 

9 
2 

I 

5 
3 

0-083 
0-092 

o"o55 
o-o8i 

0-083 

0-031  to  0-201 
0-081  to  0-103 

0-023  to  0*129 
0-036  to  0-174 

Total  . 

20 

0-078 

0-023  to  0-20I 

Quincke,      .       .  | 

3 

1-494 

0-294  to  3-607 

^  No.  32  has  not  been  included  in  this  list.  From  the  account  of  the  case,  the  pig- 
ment of  the  liver  was  due  to  extravasations  such  as  are  not  infrequent  in  cirrhosis  of  the 
liver. 


Table  III. — Percentage  of  Iron  in  the  Liver  in  Pernicious 

A  ncemia} 


Observer. 

No.  of 
Analyses. 

Percentage  of  Iron. 

1 

Other  Diseases. 

No.  of 
Analyses. 

1  Average 
Percentage. 

Stahel,  . 
Rosenstein,  . 
Zaleski, 

I 
I 
I 

0-6  [4 

0-518  j 
0-623  1 

9 
3 

0-083 
0-083 

Total, 

3 

0-585 

12 

0-083 

Quincke,      .  | 

5       1       1-098  1 

3 

1-494 

^  No.  14,  reported  by  Graanboom,  is  not  included  in  this  list,  as  it  is  not  clear 
whether  it  should  be  in  the  group  of  anccmia  or  in  that  of  general  diseases. 
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Table  IV. — Percentage  of  Iron  in  the  Liver  in  Wasting  Diseases. 


Observer. 

Disease. 

Percentage 
of  Iron. 

Stahel         (No.  i), 

(  „  4), 
„             (  „  16), 
Graanboom  (  ,,  17), 
(  „  18), 
(  M  19X 

Burn  with  marked  Ansemia, 
Marasmus,  .... 
Burn,  ..... 

Phthisis,  

Nephritis,  .... 
Carcinoma  uteri, 

0-075 
0-039 
O'l  14 
0-129 
0-023 

Average, 

0-068 

Table  V. — Percentage  of  Iron  in  Nutmeg  Liver. 


Observer. 

Percentage 
of  Iron. 

Stahel  (Case  4),  • 
„     (  „    7),  • 

0-075 
0-038 

Average, 

0-056 

Table  VI. — Percentage  of  Iron  in  the  Liver  in  Leukceinia} 


Observer. 

Percentage 
of  Iron. 

Stahel  (Case  9),  • 

v.  Bemmclen  (Case  13), 

0-I02 

Average, 

0-078 

^  .See  Footnote,  Table  III. 

VII. — Percentage  of  Iron  in  the  Liver  in  I 
Hcemorrhagica. 

Observer. 

Percentage 
of  Iron. 

Zaleski        (No.  30),  . 
Hindenlang  (  „    32),  . 

0-  036 

1-  240 

Average, 

0-638 
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Table  VIII. — Percentage  of  Iron  in  the  Liver  in  Acute  Diseases. 


Observer. 

Disease. 

Percentage 
of  Iron. 

Stahcl         (No.  5), 

n             (  »  6), 

(  n  7)> 
Graanboom  (  15), 

Pneumonia;  diphtheria,  . 
Pneumonia  ;  gangrene  of  king, 
Pleurisy ;  bronchitis, 
Pneumonia,  .... 

0'04i 
0'048 
0-038 
0*099 

Average, 

0-056 

Results. 

General  Diseases. — In  the  group  of  general  diseases  (Table 
III.)  the  analyses  number  twenty-five.  Excluding  two,  whose 
nature  is  open  to  question  (Nos.  19  and  26),  the  analyses  are 
twenty-three  in  number,  three  by  Quincke,  and  twenty  by  other 
observers. 

In  this  latter  group  of  twenty  analyses,  the  average  per- 
centage of  iron  in  the  liver  was  0*078  varying  from  0-023  to 
0-20I.  In  seventeen  of  these,  made  by  three  observers — 
Stahel  (9),  Graanboom  (5),  and  Zaleski  (3) — the  average 
percentages  obtained  are,  remarkably  enough,  almost  identi- 
cal, namely,  0-083,  0*083,  and  o'oSi. 
The  three  analyses  of  Quincke,  in  marked  contrast,  give  a 

much  higher  average,  namely,  1-494  ;  the  lowest  being  0-294,  and 

the  highest  (diabetes  melHtus)  the  amazing  percentage  of  3-607. 

This  latter  figure  is  so  high,  as  to  suggest  some  probable  error, 

as  has  also  been  pointed  out  by  Zaleski. 

Pernicious  Ancsniia. — The  analyses  in  cases  of  pernicious 
anaemia  (Table  III.)  number  only  eight:  five  by  Quincke,  and 
three  by  Stahel,  Rosenstein,  and  Zaleski. 

The  percentages  in  these  three  were  0*614,  0*518,  attd 
0*623 — average  0-585. 

This  percentage  is  in  strong  contrast  with  an  average 
in  other  diseases  obtained  by  these  observers  of  0*083, 
(Stahel),  and  0-081,  (Zaleski). 
The  five  analyses  of  Quincke,  on  the  other  hand,  are  again, 
oddly  enough,  in  marked  contrast,  in  yielding  a  much  higher 
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average,  namely  1-098:  this  contrasting  with  an  average  for 
other  diseases,  obtained  by  this  observer,  of  r494. 

The  average  of  twenty  analyses  in  twenty  cases  other 
than  pernicious  anaemia — 0*078 — thus  contrasts  with  an 
average  of  0-585  in  three  of  pernicious  anaemia.  This  re- 
presents a  very  large  increase — more  than  sevenfold — in 
favour  of  pernicious  anaemia. 

Comparisons  of  this  kind  are  of  most  value,  when  the  analyses 
in  both  instances  have  been  made  by  the  same  observer.  The 
percentage  richness  of  the  organ  in  iron  is  to  some  degree 
determined  by  the  richness  of  the  organ  in  blood,  at  the  time 
the  chemical  analysis  is  made.  Hence  the  results  obtained  may 
vary  considerably  in  the  hands  of  different  observers,  according 
to  the  degree  of  care  taken  to  remove  all  the  blood  from  the 
organ,  previous  to  the  analysis  being  made.  This  is  a  matter 
of  difficulty  in  the  case  of  most  organs,  and  can  only  be  success- 
fully accomplished  by  the  method  adopted  by  Zaleski  of 
washing  out  the  fresh  organ  through  its  vessels. 

The  necessity  for  precautions  in  this  respect  has  probably 
not  been  equally  present  to  the  minds  of  all  observers ;  and  if 
one  may  judge  from  the  results  of  his  analyses,  to  Quincke  least 
of  all.  In  nearly  every  case,  his  analyses  give  a  notably  higher 
percentage  than  that  obtained  by  other  observers  for  all  con- 
ditions. For  purposes  of  comparison,  therefore,  I  prefer  to  keep 
Quincke's  analyses  by  themselves  ;  and  although  this  reduces 
very  considerably  the  number  of  analyses  available  for  com- 
parison, two  or  three  analyses  of  a  trustworthy  nature  are  of 
more  weight  than  a  number  of  possibly  very  unequal  value. 

Hence  I  am  inclined  to  attach  most  importance  to  the 
analyses  of  Stahel  and  Zaleski.  In  twelve  analyses  made  by 
these  two  observers  the  average  percentage  of  iron  in  the  liver  in 
various  diseases  was  precisely  the  same — viz.,  0'o83.  In  two 
cases  of  pernicious  anaemia  the  percentage  obtained  was  also 
much  the  same — viz.,  0-614  and  0"623  ;  and  the  analysis  of 
Rosenstein  gave  a  closely  similar  result — viz.,  0*5 18  per  cent. 
This  represents  a  more  than  sevenfold  increase  in  pernicious 
anaemia,  and  this  result  I  am  inclined  to  regard  as  more  probably 
representing  the  average  extent  of  increase  in  this  disease  than 
the  one  arrived  at  when  Quincke's  analyses  are  also  included. 
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These  observations  I  regard  as  establishing  the  following 
conclusions : 

(1)  That  the  amount  of  iron  contained  in  the  liver  in 
pernicious  anaemia  is  far  in  excess  of  that  met  with  in  any 
condition  at  all  resembling  it ; 

(2)  That  the  presence  of  this  excess  can  no  longer,  as 
hitherto,  be  regarded  as  an  accidental  condition— the  result 
of  some  weakness  of  the  corpuscles  common  to  all  forms  of 
anaemia  alike,  and  only  varying  in  degree  in  different  cases. 

On  the  contrary,  this  condition  of  the  liver  appears  to  me 
clearly  to  indicate— and  this  I  would  regard  as  one  of  the  most 
important  results  of  my  study  of  the  morbid  anatomy  of  this 
disease — that : 

(1)  A  destruction  of  blood  occurs  in  pernicious  anaemia, 
far  greater  than  that  met  with  in  any  other  form  of  anaemia 
presenting  clinically  any  resemblance  to  it,  or  liable  to  be 
mistaken  for  it,  notably  the  ansemia  of  wasting  disease  and 
loss  of  blood. 

(2)  The  liver  must  be  regarded  as  playing  an  import- 
ant part,  if  not  in  the  destruction  itself,  at  least  in  the 
disposal  of  the  remains  of  the  pigment. 

Distribution  of  the  Pigment  between  Liver  and  Spleen. 

Further  evidence  of  the  importance  of  the  part  taken  by 
the  liver  in  the  disposal  of  the  products  of  the  blood  destruc- 
tion in  pernicious  ansemia  is  afforded  by  contrasting,  as  regards 
richness  of  iron,  the  condition  of  the  liver  with  that  of  the  spleen 
— the  other  organ  of  the  body  most  closely  concerned  in  the 
disposal  of  remains  of  pigment. 

I  find  from  Stahel's  analyses,  (Table  I.)  that  in  most 
diseases  the  relation  between  the  liver  and  spleen,  as  regards 
richness  in  iron,  remains  the  same  as  in  health,  viz.,  that  the 
percentage  richness  of  the  spleen  usually  considerably  exceeds 
that  of  the  liver.  His  analyses  (nine  in  number)  give  an  average 
of  0*171  per  cent,  for  the  Spleen,  as  contrasted  with  0-083  per 
cent./(?r  the  Liver.  In  one  case  only,  was  the  percentage  in  the 
spleen  slightly  less ;  in  most  cases  it  was  more  than  double,  and 
in  a  few  cases  it  was  five  or  six  times  greater  than  in  the  liver. 

I  have  already  stated  that,  as  determined  by  micro-chemical 


90 


PERXICIOUS  ANEMIA. 


examination,  the  spleen  in  my  own  cases  of  pernicious  anaemia 
contained  little  excess  of  iron  ;  and  that,  in  three  cases,  it 
appeared  to  contain  less  iron  than  usual.  Only  two  analyses 
have  been  made  of  the  spleen  in  cases  of  pernicious  anaemia  ; 
but  the  results  so  strikingly  agree  with  those  of  qualitative 
micro-chemical  examination,  that  I  regard  them  as  confirming 
the  conclusion,  that  a  marked  disturbance,  as  regards  richness 
of  pigment,  occurs  in  the  relation  of  liver  and  spleen  to  each 
other,  in  cases  of  pernicious  anaemia.  Thus,  in  Rosenstein's 
case,  the  percentage  of  iron  in  the  Liver  was  0'518,  while  that 
in  the  Spleen  was  only  0*227  per  cent. — less,  therefore,  than  one- 
half  ;  and  in  Stahel's  case,  the  Liver  contained  0'614  per  cent, 
of  iron,  while  the  Spleen  contained  only  0-091  per  cent. — less 
than  one  sixth. 

In  pernicious  anaemia,  therefore,  the  relative  richness  of  the 
liver  and  spleen  in  iron  appears  to  be  transposed,  and  that,  too, 
in  a  very  striking  way. 

It  is  necessary  to  bear  in  mind  that  these  analyses  express 
merely  the  percentage  of  iron  per  lOO  parts  of  dried  substance; 
and  that,  if  the  spleen  were  greatly  enlarged,  it  is  quite  conceiv- 
able that  a  considerable  excess  of  iron  might  be  contained  in  the 
whole  organ  as  compared  with  that  normally  present,  without 
that  excess  in  any  way  appearing  in  the  results  obtained  by 
analysis.  But  no  such  gross  enlargement  is  met  with.  Hence  the 
results  of  these  analyses  must,  I  think,  be  regarded  as  strengthen- 
ing the  conclusion  that  the  increase  of  iron  in  the  liver  in 
pernicious  anaemia  is  significant,  inasmuch  as  it  is  not  only 
absolutely,  but  (as  regards  the  spleen)  still  more  relatively,  great. 

The  result  is  not  a  little  surprising.  As  we  have  seen,  little 
or  no  importance  has  hitherto  been  attached  to  the  presence  of 
pigment  in  the  liver  in  this  condition.  It  has  been  held  to 
indicate  merely  some  general  weakness  and  premature  decay 
of  the  red  corpuscles,  the  accumulation  of  the  remains  of  their 
pigment  taking  place  in  organs,  such  as  the  liver,  usually  con- 
cerned in  the  disposal  of  such  products.  Or  at  most,  its  presence 
in  certain  cases  has  been  taken  as  evidence  that  in  that  particular 
case  of  pernicious  anaemia,  blood  destruction  has  been  in  excess. 
(Quincke). 
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According  to  such  a  view,  one  would  naturally  expect  to  find  an 
increase  in  the  amount  of  pigment  in  the  spleen,  at  least  in  some 
degree  proportionate  to  that  found  in  the  liver.  For  all  observers 
are  agreed,  that  the  spleen  plays  an  important  part  in  storing 
up  pigment  particles  circulating  in  the  blood  (Ponfick) ;  and 
my  own  observations,  after  transfusion  of  blood,  shew  that 
the  spleen  is  a  special  seat  for  the  deposition  of  pigment,  and 
contains,  under  these  circumstances,  more  than  the  liver. 

In  pernicious  anremia,  on  the  other  hand,  not  only  is  there 
no  proportional  increase  in  the  pigment  of  the  spleen  ;  but  on  the 
contrary,  the  sevenfold  increase  in  the  iron  of  the  liver  is  unac- 
companied by  any  increase  at  all  in  the  amount  contained  in  the 
spleen.  So  far  as  I  am  aware,  this  disturbance  in  the  relation 
of  the  two  organs  to  each  other,  as  regards  their  richness  in 
iron,  has  not  before  been  drawn  attention  to.  Taken  in  con- 
junction with  the  great  increase  in  the  amount  of  iron  in  the 
liver,  it  undoubtedly  serves,  to  my  mind,  to  accentuate  consider- 
ably the  importance  to  be  attached  to  this  peculiar  condition  of 
the  liver  as  one  of  the  most  essential  pathological  changes, 
if  not  the  most  essential,  to  be  found  in  this  disease.^ 

^  This  conclusion  is  confirmed  by  the  analyses,  which  will  be  found  in  Chap.  IX. 


CHAPTER  VIII. 


CHANGES  IN  THE  KIDNEY. 

Author's  Observations. 

To  the  anatomical  changes  already  described,  it  remains  to 
be  added,  that  some  excess  of  pigment  is  occasionally  to  be 
found  in  certain  other  organs  in  cases  of  pernicious  anjemia. 
This  is  specially  true  of  the  kidney,  (Quincke)  ;  only,  however, 
in  a  certain  number  of  cases. 

Its  presence  seems  to  be  inconstant.^  When  present,  the 
pigment  is  in  the  form  of  small,  yellow  spherical  granules  or 
globules,  lying  for  the  most  part  within  the  cells  of  the  con- 
voluted tubules,  rarely  within  the  lumen  of  the  tubule  itself 
It  is  not  found  in  all  the  convoluted  tubules.  Both  in  its  appear- 
ance and  in  its  situation  it  differs  entirely  from  the  pigment 
of  extravasation.  It  only  gives  a  somewhat  imperfect,  though 
easily  recognizable,  reaction  of  iron  with  micro-chemical  methods. 
The  quantity  present  varies  much  in  different  cases :  in  some,  in 
which  a  very  large  excess  is  contained  in  the  liver,  it  may  be 
absent  altogether  from  the  kidney.  In  no  case  have  I  found 
it  lying  within  the  glomeruli.  Within  the  renal  cells  of  the 
convoluted  tubules,  it  presents  the  appearance  of  hsemoglobin 
of  the  blood  in  process  of  excretion  (see  Frontispiece). 

Changes  in  the  Kidney  in  Pernicious  Ancsmia. — The  following 
description  of  a  typical  case  of  the  disease  may  be  taken  as 

1  [It  will  be  seen  from  my  subsequent  analyses  given  in  Chap.  IX.  that  this  statement 
must  be  farther  qualified.  I  have  found  it  just  as  constant  as,  and  proportionately 
even  greater  than  the  excess  in  the  liver,  the  percentage  of  iron  being  on  an  average 
about  twenty  fold  greater  than  that  of  the  normal  kidney.] 
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applying  to  all  the  other  cases  (twelve  in  number)  which  I 
have  so  far  had  the  opportunity  of  examining,  in  which  pigment 
has  been  present. 

On  placing  sections  first  in  a  solution  of  ferrocyanide  ot 
potassium  and  afterwards  in  dilute  hydrochloric  acid,  a  well- 
marked  blue  reaction  is  developed  in  the  cortex,  most  marked 
close  to  its  periphery. 

On  microscopic  examination  this  change  is  found  to  be  due 


Fig.  I.— Sec  tion  of  the  Kidney  in  Pernicious  An.emia  :  Blood-pigment  in 
PROCESS  OF  Excretion  through  the  Epithelium  of  the  Convoluted 
Tubules. 

a,  Normal  convoluted  tubule,  one  cell  shewing  traces  of  pigment  ;  b,  ascending  limb 
of  Henle's  loop  ;  c,  convoluted  tubule,  pigment  lying  within  the  epithelium  ; 
d,  descending  limb  of  Henle's  loop. 

to  the  presence  of  pigment  lying  within  certain  of  the  tubules, 
and  giving  the  characteristic  reaction  of  free  iron.  The  pigment 
is  in  the  form  of  fine  granules,  the  individual  granules  being 
of  spherical  .shape  and  fairly  uniform  in  size,  their  diameter 
varying  i  to  2  /x. 

The  distribution  of  the  pigment  amongst  the  tubules  is 
peculiar.  It  seems  to  be  confined  to  the  convoluted  tubules,  the 
deeper  blue  coloration  of  the  cortex  being  due  to  the  presence  of 
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pigment  in  the  tubules  in  this  region.  More  careful  examination 
shews  that  this  is  the  case  :  all  the  pigment  is  to  be  found  within 
the  convoluted  tubules,  and  is  fairly  equally  distributed  between 
their  primary  and  secondary  convolutions. 

A  small  trace  of  pigment  is  also  seen  at  certain  portions  of 
Henle's  loops,  those  portions,  namely,  whose  epithelium  most 
closely  resembles  in  character  that  of  the  convoluted  tubules. 
With  this  exception,  the  loops  of  Henle  are  free  from  pigment 
granules.  Their  epithelium  presents  at  most  a  faintly  bluish 
and  diffuse  coloration.  The  same  faintly  bluish  tint  is  to  be 
observed  in  the  epithelium  of  the  angular  tubules. 

In  the  collecting  tubes  not  a  trace  of  pigment  of  any  kind, 
either  in  diffuse  or  in  granular  form,  is  to  be  seen  ;  and  the  same 
holds  true  of  the  glomeruli. 

It  is  to  be  noted  that  the  convoluted  tubules  do  not  all  con- 
tain pigment.  The  amount  varies  much  ;  while  some  are  free, 
others  contain  very  varying  quantities.  In  all  cases  alike,  the 
pigment  lies  within  the  cells  of  the  tubules,  not  free  within  the 
lumen,  unless,  as  sometimes  is  the  case,  the  cells  have  become 
detached.  In  some  of  the  convoluted  tubules  the  pigment 
appears  to  fill  up  the  lumen,  an  appearance  seen,  on  closer 
examination,  to  be  due  to  the  circumstance  that  the  pigment 
lies  close  to  the  unattached  free  border  of  the  cells  (see  figure). 

With  the  exception  of  the  presence  of  this  pigment,  the 
kidney  shews  nothing  abnormal.  The  cells,  even  those  con- 
taining the  pigment,  often  shew  no  signs  of  degeneration,  their 
nuclei  staining  readily.  In  other  cases,  however,  they  are  fattily 
degenerated.    Some  of  them  may  be  detached. 

I  conclude  from  the  appearances,  that  haemoglobin  has  been  in 
process  of  excretion  through  the  epithelium  of  the  convoluted 
tubules,  and  that  while  in  process  of  excretion  it  has  assumed 
a  granular  form.  In  passing  through  the  cells,  the  haemo- 
globin has  undergone  disintegration,  and  become  converted 
into  blood-pigment.  The  bluish  tint  of  the  epithelium  in 
certain  parts  of  Henle's  loops,  denoting  the  presence  of  iron, 
I  judge  to  be  due  rather  to  the  absorption  of  some  iron- 
containing  constituent  of  the  urine  passing  along  the  tubules, 
than  to  any  excretion  of  iron  by  them.  A  similar  blue  appear- 
ance I  have  found  presented  by  the  kidney  epithelium  in 
ordinary  haemoglobinuria. 


CHAPTER  IX. 


HEMOLYTIC  NATURE  OF  THE  DISEASE. 

Summary  of  Anatomical  Observations. 

The  anatomical  changes  found  more  or  less  constantly  in 
patients  dying-  of  pernicious  anaemia  have  now  been  described, 
and  may  here  be  summarized. 

It  will  be  seen  that  they  are  most  constantly  to  be  found 
in  those  organs  of  the  body  concerned  either  in  blood  formation 
or  blood  destruction — viz.,  the  spleen,  the  bone  marrow,  and 
the  liver ;  or  in  those  organs  concerned  in  excretion — viz.,  the 
liver  and  kidneys. 

Of  these  changes,  the  most  marked  are  those  whicli  point  to 
some  disorder  of  blood  destruction  as  the  most  constant  pathological 
feature  of  this  form  of  ancemia. 

In  their  order  of  frequency  these  changes  are  to  be  found 
{(i)  constantly  in  the  liver,  (^)  more  or  less  constantly  in  the 
spleen,  very  frequently,  though  not  constantly,  in  the  bone 
marrow,  {d)  not  infrequently  in  the  kidneys. 

In  the  case  of  the  liver,  bone  marrow,  and  kidneys,  the 
changes  consist  of  the  presence  of  an  excess  of  pigment  derived 
from  the  blood  ;  in  the  case  of  the  spleen  and  bone  marrow  the 
evidences  of  this  blood  destruction  are  best  recognizable  on 
examination  of  the  fresh  tissue,  and  consist  for  the  most  part 
of  morphological  changes  in  the  corpuscles  and  plasma,  or  of 
the  presence  of  free  haemoglobin. 

Nature  of  Pernicious  Ansemia. 

We  are  now  in  a  position  to  consider  what  the  pathology 
of  this  form  of  anaemia  is.      Do  the  changes  in  the  blood,  so 
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marked  a  feature  of  the  disease,  result  from  a  profound  disturb- 
ance in  haemogenesis,  or  are  they  to  be  traced  to  some  equally 
marked  disorder  of  haemolysis  ? 

The  answer  to  this  question  has  already  been  in  part 
supplied  by  the  consideration  just  given  to  the  anatomical 
changes  most  commonly  found. 

As  regards  the  BLood-fonnmg  organs,  I  find  nothing  to 
explain  why  pernicious  anaemia  should  differ  so  markedly  from 
other  forms  of  anaemia. 

In  the  case  of  the  Spleen  and  Lymphatic  Glands,  there  is 
little  or  no  evidence  of  any  failure  of  blood-forming  function, 
[unless  the  sparing  presence  of  nucleated  red  corpuscles  in  the 
former  be  considered  as  such]. 

In  the  Bone  marrow  the  evidences  of  this  kind  are  still 
more  marked — viz.,  the  presence  of  large  numbers  of  nucleated 
red  corpuscles.  The  presence  of  these  corpuscles  in  such  large 
numbers  has  been  interpreted  as  pointing  to  some  failure 
or  imperfection  in  the  blood-forming  function  on  the  part  of 
this  tissue — some  interference  with  the  proper  development  of 
the  red  corpuscles.  The  appearances  may,  I  consider,  be  inter- 
preted in  another  and  entirely  different  way, — viz.,  as  pointing  to 
an  excessive  activity  on  the  part  of  this  tissue  in  blood  formation, 
such  as  is  met  with,  for  example,  after  loss  of  blood.  So  far 
from  pointing  to  any  interference  with  blood  formation,  the 
presence  of  nucleated  red  corpuscles  rich  in  haemoglobin 
seems  to  my  mind  rather  to  indicate  that  the  conditions  are 
by  no  means  so  unfavourable  to  blood  formation  as  is 
often  assumed.  Their  presence  in  such  numbers  points,  un- 
doubtedly, to  some  marked  necessity  for  increased  blood  forma- 
tion ;  but  their  large  numbers,  and  richness  in  haemoglobin, 
along  with  the  high  haemoglobin  ratio  in  the  corpuscles  of  the 
blood,  seem  equally  to  indicate  that  the  demand  is  being 
fairly  met  by  the  bone  marrow,  even  up  to  the  time  of  death. 

Unless,  in  pernicious  anaemia,  the  conditions  were  rather 
favourable  than  the  reverse  to  active  blood  formation,  one 
would  expect  to  find  fewer  nucleated  cells  in  the  bone  marrow, 
and  a  haemoglobin  ratio  lower  than  usual,  rather  than  higher. 
Of  these  conditions,  the  chief  appears  to  me  to  be  the  presence, 
in  this  disease,  of  a  large  supply  of  material  suitable  for  purposes 
of  blood  formation.    So  far  from  iron  being  wanting  in  pernicious 
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anc-emia,  as  is  the  case  in  chlorosis,  the  evidence  I  have  adduced 
shews  that  there  is  a  great  excess  ;  and  although  this  is  found 
for  the  most  part  in  the  liver,  an  organ  not  primarily  concerned 
in  the  formation  of  corpuscles,  a  considerable  excess  is  not  infre- 
quently found  in  the  bone  marrow.  It  is  in  the  latter  tissue, 
as  all  observations  shew,  that  the  formation  of  red  corpuscles 
chiefly  goes  on,  both  in  health  and  disease.  In  fact  this,  we 
find,  affords  a  ready  explanation  of  one  of  the  most  character- 
istic features  of  the  blood  in  pernicious  anaemia,  viz.,  the  relative 
richness  of  the  blood  in  hremoglobin— a  condition  the  very  reverse 
of  that  found  in  chlorosis. 

Failure  in  blood  formation  plays,  therefore,  I  consider, 
little  or  no  part  in  the  production  of  pernicious  anaemia. 

The  foregoing  observations  appear  to  me,  for  reasons  already 
detailed,  to  denote  that  the  essential  nature  of  the  blood  change 
is  excessive  blood  destruction. 

Explanation  of  Chief  Clinical  Features. 

The  most  characteristic  clinical  features  of  the  disease  all 
find  their  simplest  explanation  in  this  view. 

Changes  in  the  Blood. — I  have  already  shewn  how  the 
relative  richness  of  the  blood  in  haemoglobin  can  be  well  ex- 
plained by  this  view.  I  have  now  to  add  that  the  same  state- 
ment applies  to  the  other  characteristic  changes  in  the  blood. 
Thus  my  experiments  shew  that  all  the  characteristic  features 
of  the  blood  can  be  reproduced  by  destructive  agents — 'Such  as 
pyrogallic  acid  and  toluylendiamin,  while,  on  the  other  hand, 
they  cannot  be  reproduced  by  loss  of  blood,  however  great. 
Thus  : 

1.  OligocythcBinia. — A  profound  degree  of  oligocythaemia  is 
more  readily  producible  in  animals  by  means  of  blood-destroying 
agents  than  by  repeated  losses  of  blood.    (Exp.  58,  chap,  xv.) 

2.  Poikilocytosis. — The  destruction  is  accompanied  by  changes 
in  the  form  and  size  of  the  red  corpuscles,  similar  to  those  con- 
stantly met  with  in  pernicious  anaemia.    (Exp.  77,  chap,  xv.) 

3.  Eichhorst's  Corpuscles. — In  certain  cases,  the  destruction  is 
accompanied  by  the  appearance  of  small  yellow  spherical  micro- 
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cytes  in  the  blood,  resembling  in  all  respects  those  so  frequently 
found  in  pernicious  anemia.  In  their  most  typical  form  I  am 
therefore  inclined  to  regard  these  bodies  as  products  of  blood 
destruction  ;  not  as  stages  in  the  evolution  of  young  red  corpuscles, 
as  Eichhort  thought. 

4.  Jaundice. — Further,  the  fact  that  the  liver  (as  shewn  by  its 
richness  in  iron)  has  a  specially  prominent  part  to  play  in  this 
disease,  either  in  the  blood  destruction  itself  or  in  the  disposal 
of  the  products  of  this  destruction,  serves  at  once  to  explain 
the  disturbances  in  liver  function  so  common  in  the  course  of 
the  disease,  e.g.  bilious  vomiting,  yellow  jaundiced  appearance, 
and  sometimes  attacks  of  actual  jaundice. 

The  observations  of  Stadelmann  and  Afanassiew  on  animals 
have  shewn  how  frequently  some  degree  of  jaundice  is  associated 
with  the  increased  destruction  of  blood  induced  by  the  action  of 
such  drugs  as  toluylendiamin.  Their  observations  also  afford,  in 
part  at  least,  an  explanation  of  the  jaundice.  The  increased  flow 
of  bile  (polycholia)  is  soon  followed  by  thicker  consistence  of 
the  bile,  greater  viscidity,  and  consequent  stagnation  in  the 
bile  ducts.  A  similar  explanation  doubtless  applies  in  many 
instances  to  cases  occurring  in  man  ;  and  it  is  by  this  fact, 
as  afterwards  shewn,  that  this  peculiar  condition  so  often 
associated  with  pernicious  anaemia  is,  I  consider,  to  be  ex- 
plained.   (See  Part  IX.) 

Addendum. 

Since  the  foregoing  conclusions — (already  foreshadowed  and 
partly  formulated  in  1886) — were  published  (1888),  the  addi- 
tional attention  drawn,  thereby,  to  the  condition  of  the  liver  has 
increased  considerably  the  data  on  which  to  base  conclusions. 

These  data  affect  in  no  way  the  conclusions  just  expressed : 
on  the  contrary  they  confirm  them,  in  my  opinion,  in  all 
essential  particulars. 

I.  With  regard  to  the  conclusions  based  on  micro-chemical 
tests,  my  own  further  experience  has  only  served  to  confirm 
their  general  accuracy.  The  excess  of  pigment  in  the  liver, 
as  determined  by  those  methods  applied  in  the  way  described, 
anatomically  distinguishes  pernicious  anaemia  from  those  forms 
of  anaemia  hitherto  regarded  as   secondary  varieties  of  the 
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disease,  namely,  the  anaemia  of  wasting  or  malignant  disease, 
and  the  anaemia  of  loss  of  blood.  In  my  opinion  these  latter 
are  absolutely  distinct  from  pernicious  anaemia. 

The  condition  which  most  nearly,  in  my  experience,  ap- 
proaches pernicious  anaemia,  in  respect  of  richness  of  the  liver  in 
iron,  in  certain  cases  only,  not  constantly,  is  leukaemia — a  disease 
easily  distinguishable  in  other  ways  from  pernicious  anaemia. 

2.  With  regard  to  the  results  of  Chemical  Analysis,  a 
large  number  of  additional  analyses  are  recorded  by  various 
observers.  The  chief  of  these  are  hvo  by  Dr.  Mott,  four  by  Dr. 
Hopkins,  twenty-one  by  Dr.  Stockman, by  Dr.  Beaven  Rake, 
and  ten  by  myself.    These  are  tabulated  on  the  next  page. 

The  most  numerous  and  extended  series  of  analyses  are  those 
of  Professor  Stockman.  They  are,  in  my  opinion,  of  special 
value :  first  on  account  of  their  numbers  and  the  fact  that  they 
have  been  carried  out  by  one  observer  ;  and  secondly  because 
Dr.  Stockman  adduces  these  analyses  in  support  of  his  own 
view,  namely,  that  pernicious  anaemia  is  only  an  extreme  con- 
dition, not  a  special  form  of  anaemia. 

Dr.  Stockman  regards  his  analyses  as  supporting  his  con- 
clusions, that  there  is  no  real  difference  between  pernicious 
anaemia  and  the  anaemia  of  haemorrhage  or  of  wasting  disease  ; 
that  the  former  is  simply  the  latter  aggravated  by  the  occurrence 
and  absorption  of  interstitial  capillary  haemorrhages  throughout 
the  body  ;  that  the  condition  of  the  liver  in  pernicious  anaemia 
is  merely  the  result  of  the  absorption  of  blood  from  these 
multitudinous  capillary  haemorrhages. 

On  the  contrary  it  will  be  seen  how  remarkably  they  bear 
out  the  conclusions  already  expressed  as  to  the  distinctive 
character  of  the  pigment  changes  in  the  liver  in  pernicious 
anaemia. 

Of  special  interest,  also,  are  the  analyses  in  tapeworm  anaemia 
and  ankylostomiasis  made  by  Dr.  Stockman  and  Dr.  Beaven 
Rake. 

These  analyses  have  been  arranged  in  groups,  so  as  to  be 
readily  comparable  one  with  another. 
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Table  IX. — Analyses  shewing  Percentage  of  Iron  in  the 
Liver  and  Spleen  in  various  Diseases.    (1888- 1900.) 


No. 

Disease. 

Liver. 

Spleen. 

Observer. 

I 

Pernicious  Anaemia,  . 

1038 

0-301 

Dr.GowlandHopkins.^ 

2 

"  )> 

0-204 

0-325 

M  >) 

3 

>)  >) 

0-400 

))  )) 

4 

0-190 

?  5                           J ) 

e 
J 

)j  » 

0-230 

0086 

Dr  ^tnrVm.m  ^ 

0 

»»  )> 

n.i  ±(\ 
U  ilU 

A.I  7n 

M 

7 

I.  Pulmonary  Embolus 

(W.  40),  . 

0-070 

O'  I AA 

>5 

8 

2    Oh'itrnpt'inn    nf  Rnvvpl 

(M.  52),  .       .  . 

0-090 

0-150 

)> 

9 

3.  Myxoedema  (W.  60),  . 

O'OQO 

>» 

10 

4.  Acute  Tuberculosis  (M. 

16),  .... 

0070 

0-400 

!> 

(In  these  4,  "  organs 

healthy.") 

1 1 

Tapeworm  Anaemia, 

o-i66 

0*366 

•> 

1 2 

0  202 

•  •  ' 

)> 

13 

Malaria  (chronic), 

0-257 

o-i  10 

J> 

14 

Leucocythaemia, 

o"337 

0-290 

1> 

15 

Addison's  Disease,  . 

0*I20 

0-I20 

>' 

16 

Chronic  Nephritis  (W.  24), 

o'o35 

0-210 

17 

Haemorrhage    into  Pan- 

creas ;  very  anaemic,  . 

0-160 

,  , 

{Loss  of  Blood.) 

18 

Gastric  Ulcer  and  Haema- 

temesis. 

o'oiS 

0-041 

>> 

19 

Anaemia  with  bleeding  into 

Bowel, .... 

0*020 

• 

0*020 

>J 

20 

Anaemia    from  bleeding 

j  very] 

Uterine  Polypus,  . 

i  little] 

)1 

'  "  Five  Cases  of  Pernicious  Anaemia  with  Determinations  of  Iron  in  the  Viscera, 
and  some  Observations  on  the  Urine,"  Guy^s  Hasp.  I\ep.,  1893. 

2  "  Remarks  on  the  Analysis  of  Iron  in  the  Liver  and  Spleen  in  various  Diseases 
affecting  the  Blood,"  Brit.  Med.  Jour.,  i.,  1896. 


HEMOLYTIC  NATURE  OF  THE  DISEASE. 


Table  IX. — continued. 


No. 

Disease. 

Liver. 

Spleen. 

Observer. 

2  I 

Anaemia     from  Ankylo- 

stomiasis. 

0'02I 

Dr.  Stockman. 

22 

Anaemia    from  Ankylo- 
stomiasis, 

0*020 

. .  • 

» 

2  X 

Anaemia     from  Ankylo- 
stomiasis, 

0-030 

... 

24 

Anaemia     from  Ankylo- 
stomiasis, 

0-050 

j> 

25 

Anaemia     from  Ankylo- 
stomiasis, 

0-094 

>> 

26 

Ankylostomiasis, 

Trace 

0-040 

Dr.  Beaven  Rake.^ 

27 

)> 

0-260 

3-280 

>j 

28 

>i 

0-207 

>> 

29 

>> 

0-012 

0-059 

J) 

30 

>> 

0023 

0-07 1 

No. 

Disease. 

Liver. 

Spleen. 

Kidney. 

Observer. 

31 

rernicious  Anemia, 

0-310 

Hunter. 

32 

5>  >) 

0-207 

0097 

0-068 

j> 

33 

J>  J) 

0-515 

0023 

0  043 

}> 

34 

J  J                          )  5 

0-360 

0-069 

0-033 

>> 

35 

>)  >> 

0-240 

0-094 

0-042 

>5 

3° 

JS  )> 

0-363 

0-141 

0-133 

)> 

37 

I.  Bronchitis, 

0-092 

>f 

38 

2.  Chronic  Myelitis  with 

Bedsores, 

0-093 

0-025 

0-004 

)) 

39 

3.  Cancer  of  Stomach  (typi- 

cal lemon  colour),  . 

0"022 

0-013 

0-003 

5> 

40 

Leukaemia, 

0-140 

0-029 

0-086 

>> 

'  "A  Note  on  the  Tercentage  of  Iron  in  the  Liver  in  Ankylostomiasis,"/<;7^r.  0/ 
Path,  and  Bad.,  iii.,  1896. 

In  one  case  described  by  Dr.  Mott  {Lancet,  i.,  1889,  p.  521),  the  analysis  shewed 
twice  as  much  iron  in  the  liver  as  in  the  same  amount  of  liver  taken  from  a  man 
dying  of  paraplegia;  in  another  {Lancet,  i.,  1890,  p.  287)  112-3  grammes  of  liver 
contained  0-3237  gramme  of  ferric  oxide,  whilst  in  health  there  should  be  mere  traces. 
The  spleen  and  kidneys  shewed  a  trace  of  iron. 
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Summary. 


Liver, 

Spleen. 

Kidney, 

I  Health 

Stockman  (4  Analyses), 

o'oSo 

0-231 

... 

2,  Pernicious  An(Binia. 

Hopkins  (4  Analyses), 

0-458 

o"3i3 

... 

Author  (6  Analyses), . 

0-332 

0-085 

0-064 

Stockman  (2  Analyses), 

0-185 

0-128 

3.  Wasting  Disease. 

o'325 

0-I7S 

0-064 

Stockman  (Chronic  Nephritis),  . 

o'o35 

0-210 

■  •  * 

Author  (3  Analyses), . 

0-072 

0-02 1 

0*003 

4.  Loss  of  Blood. 

0-053 

0-115 

0-003 

Stockman  (3  Analyses), 

O'OIQ 

0'023 

5.  Ankylostomiasis. 

Stockman  (5  Analyses), 

0*030 

0-094 

•  •  • 

Rake  (5  Analyses), 

0-125 

0  002 

^^    T^niyeTDnvin  A  n (Tin in 

0*077 

0-478 

... 

Stockman  (2  Analyses), 

0-214 

0366 

7.  Blood  Diseases,  etc. 

a.  Leukgemia. 

Stockman  (i  Analysis), 

o"337 

0-290 

Author  (i  Analysis),  . 

0-140 

0-029 

0086 

0-2^8 

o-i  59 

«  

o-o86 

b.  Chronic  Malaria. 

Stockman  (i  Analysis), 

0-257 

o'l  10 

c.  Haemorrhage  into  Pancreas. 

Great  Anaemia  (Stockman), 

0-160 

d.  Addison's  Disease, 

 ,  . 

0-I20 

0-120 
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RESULTS. 

The  results  are  as  follows  : 

Health. 

1.  Four  analyses  of  normal  livers  yield  an  average  of 
0*080  per  cent.^ 

Pernicious  Anaemia. 

2.  Twelve  analyses  in  pernicious  anaemia  yield  for  the 
liver  an  average  of  0-325,  i.e.,  more  than  four  times  the 
average  of  health? 

Wasting  Diseases. 

3.  Four  analyses  in  wasting  diseases  yield  an  average 
of  0-053,  i.e.,  less  even  than  that  of  health,  and  only  about 
one-sixth  that  of  pernicious  ancEinia.  Of  special  interest 
is  the  contrast  afforded  in  my  list  of  analyses,  betwixt 
pernicious  anaemia  (0*332  per  cent.)  and  cancer  of  stomach, 
with  typical  lemon  colour  of  patient  (0-022  per  cent). 

Loss  of  Blood. 

4.  Three  analyses  in  anaemia  from  loss  of  blood  yield  an 
average  of  0-019,  i.e.,  only  one-fourth  that  of  health,  and 
only  one-seventeenth  the  average  for  pernicious  ancsmia. 

Ankylostomiasis. 

5.  Ten  analyses  in  ankylostomiasis  yield  an  average  of 
0*077,  i.e.,  less  than  one-fourth  that  of  pernicious  ancemia. 

Tapeworm  Anaemia. 

6.  Two  analyses  in  tapeworm  anaemia  yield  an  average 
of  0*214,  i.e.,  approximating  the  average  in  pernicious  anaemia  ; 
denoting  therefore,  in  my  opinion,  that  hiemolysis  is  in 
excess  in  that  form  of  anaemia  (cf  p.  49). 

Leukaemia  and  Malaria. 

7.  The  nearest  approach  to  the  average  in  pernicious 
anaemia  is  made  in  leukaemia  and  malaria,  i.e.  conditions 
which  present  clinically  no  difficulties  in  regard  to  diagnosis 

1  Compare  Table  II.,  p.  85.  -  Compare  Table  III.,  p.  85. 
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from  pernicious  anaemia,  and  are  pathologically  quite  dis- 
tinct from  it.    In  both,  haemolysis  is  obviously  increased. 

Relative  Richness  of  Liver  and  Spleen. 

8.  With  regard  to  the  relative  amount  of  iron  in  liver 
and  spleen — in  health  and  in  general  diseases,  the  average 
for  the  spleen  exceeds  that  for  the  liver  sometimes  five 
or  six  fold.  In  pernicious  anaemia,  it  is  less  than  one-half 
that  of  the  liver.^ 

Kidney. 

9.  Five  analyses  of  the  kidney  in  my  cases  of  pernicious 
anaemia  yield  an  average  of  0'064  per  cent.  ;  while  two 
analyses  in  wasting  diseases  yield  an  average  of  only  0*003, 
i.e.,  the  increase  in  pernicious  ancemia  being  thus  twe7ityfold?- 

As  regards  the  question,  how  far  the  excess  of  iron  in  the 
liver  in  pernicious  anaemia  is  to  be  regarded  as  distinguishing 
anatomically  this  anaemia  from  the  anaemia  of  wasting  disease  or 
of  loss  of  blood — the  point  which  here  concerns  me  chiefly — the 
remarkable  contrasts  brought  out  in  the  preceding  summary 
(2,  3,  4,  5)  appear  to  me  to  strengthen,  and  in  no  way  to  weaken, 
the  conclusion  I  have  already  arrived  at  as  to  the  distinctive 
importance  of  this  change  in  pernicious  anaemia. 

Of  special  interest  are  the  analyses  by  Dr.  Rake  and  Dr. 
Stockman  relating  to  ankylostomiasis.  They  appear  to  prove, 
as  Dr.  Rake  concludes,  that  this  anaemia  is  really  the  result  of 
loss  of  blood,  and  that  its  clinical  resemblances  to  pernicious 
anaemia  are  of  precisely  the  same  nature  as  those  of  traumatic 
anaemia.  It  is  to  be  noted,  however,  that  in  two  cases  the 
percentage  of  iron  in  the  liver  was  as  high  as  0'260  and  0  207 — 
figures  denoting  that,  in  certain  cases,  there  is  some  increase  of 
haemolysis.  The  result  accords  with  the  varying  clinical  features 
which  cases  often  present  (cf  p.  49). 

1  Compare  Conclusion,  p.  41. 
These  analyses  were  carried  out  for  me  with  special  care  and  accuracy  by  Mr. 
Percy  Richards,  F.C.S.,  of  the  Chemical  Laboratory,  Charing  Cross  Hospital.  (For 
method  see  Lancet,  ii.,  1900.) 


PART  III.-EXPERIMENTAL. 


 ♦  

INTRODUCTORY. 

The  foregoing  observations  established  the  fact  that  pernicious 
anaemia  was  essentially  hcBmolytic,  not  Jiceniogenic^  in  its  nature. 
Its  nature  was,  however,  in  my  judgment,  by  no  means  thereby 
fully  elucidated.  Increased  destruction  of  blood  was  char- 
acteristic of  other  diseases,  notably  of  paroxysmal  hsemo- 
globinuria,  and  to  a  less  extent  of  malaria.  How  did  the 
increased  blood  destruction  of  pernicious  anaemia  differ  from 
that  found  in  these  diseases  ?  Some  difference  there  must 
be,  since  the  diseases  otherwise  present  little  in  common  with 
each  other.  Was  this  difference  one  of  kind,  or  merely  one 
of  degree? 

Such  were  the  questions  which  presented  themselves  very 
early  in  the  course  of  these  inquiries.  It  was  probable  that 
this  destruction  of  blood  in  pernicious  ansemia  was  merely 
an  exaggeration  of  that  occurring  in  health.  At  this  point, 
however,  the  greatest  difficulty  of  all  presented  itself  Of 
the  nature  and  seats  of  blood  destruction  in  health,  or  the 
conditions  regulating  it,  our  knowledge  was  as  vague  as  it  was 
limited. 
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Nature  of  the  Experiments.^ 

The  experiments  now  to  be  described  were  therefore  under- 
taken with  a  twofold  object : 

(1)  To  ascertain  the  nature  and  seats  of  blood  destruction  in 
health. 

(2)  To  endeavour  to  produce  a  condition  of  the  liver  and 
other  organs  similar  as  regards  quantity  and  peculiar  distribution 
of  pigment  to  that  found  in  pernicious  anaemia. 

The  nature  of  the  experiments  was  to  induce  in  various  ways 
an  increased  destruction  of  blood  in  the  body.  The  methods 
used  for  this  purpose  were  transfusion  of  blood,  and  the  injection 
of  various  destructive  agents.  The  chief  agents  employed  were 
distilled  water,  glycerine,  pyrogallic  acid,  and  toluylendiamin. 
The  changes  in  the  blood  in  different  parts  of  the  circulation,  and 
in  the  different  organs  of  the  body  during  the  progress  of  the 
destruction,  were  then  observed  ;  and  a  careful  study  was  after- 
wards made  of  the  changes  presented  by  those  organs  specially 
concerned  in  the  disposal  of  the  products  of  this  destruction — 
viz.,  the  liver,  spleen,  and  bone  marrow. 

These  observations  and  experiments  were  made  on  animals 
representative  of  the  different  classes  :  on  dogs  and  cats,  as 
representing  the  carnivora  ;  on  rabbits,  as  representing  the  large 
class  of  the  herbivora ;  on  pigeons  and  ducks,  as  representing 
birds  ;  and  on  frogs,  as  representing  cold-blooded  animals.  The 
experiments  in  all  numbered  about  a  hundred  and  fifty.  The 
largest  series  were  made  with  pyrogallic  acid  and  toluylendiamin. 

They  were  varied  in  a  number  of  ways.  The  effects  of  large 
toxic  doses  were  studied,  as  well  as  the  cumulative  effects  of 
smaller  doses  administered  over  longer  or  shorter  periods  of  time. 

^  The  results  of  the  experiments  were  recorded  in  the  following  papers  : — 

1.  "Intraperitoneal  Transfusion  and  the  Fate  of  Extravasated  Blood, "yi??/r. 
Anat.  and  Phys.,  1886. 

2.  "  The  Life-duration  of  Red  Corpuscles  as  Ascertainable  by  Transfiision,"  Pi-oc. 
Koy.  Soc.  Edin.,  1887. 

3.  "  An  Investigation  into  the  Pathology  of  Pernicious  Anaemia,"  Lmuet,  ii., 
1888. 

4.  "Arris  and  Gale  Lectures  on  Transfusion,"  Royal  College  of  Surgeons,  Eng- 
land, Brit.  Med. /our.,  ii.,  1889. 

5.  Grocer's  Lectures  on  "The  Physiology  and  Pathology  of  Blood  Destruction," 
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With  the  object  of  determining  what  part  was  played  by  certain 
organs  in  blood  destruction,  other  series  of  experiments  were 
made.  In  a  number  of  experiments  the  spleen  was  excised  ;  and 
the  effects  of  certain  of  the  destructive  agents  were  then  noted, 
and  compared  with  the  results  obtained  after  the  administration 
of  the  drug  in  the  healthy  animal.  In  a  few  experiments  on 
pigeons,  the  liver  was  similarly  removed  or  cut  off  from  the  cir- 
culation, previous  to  the  administration  of  the  drug. 

These  experiments  on  blood  destruction  in  health  and 
disease,  with  special  reference  to  the  true  pathology  of  per- 
nicious anaemia,  engaged  my  time  and  attention  during  the 
years  1885-1890.    They  will  be  found  detailed  in  Part  VIII. 

In  relation  to  our  present  subject,  the  nature  of  pernicious 
anaemia,  they  may  conveniently  be  considered  under  the  three 
headings : — 

(1)  Physiology  of  the  Blood. 

(2)  Hemolysis  in  Health. 

(3)  Haemolysis  in  Pernicious  Anaemia. 


CHAPTER  X. 


PHYSIOLOGY  OF  THE  BLOOD. 

There  are  certain  points  connected  with  the  physiology  of  the 
blood,  a  knowledge  of  which  is  essential  to  a  right  understand- 
ing of  its  pathology. 

What  are  the  functions  of  the  blood  in  health,  and  how  is  it 
fitted  by  structure  and  composition  to  discharge  them  ? 

The  physiology  of  the  blood  presents  problems  of  peculiar 
difficulty,  arising  from  its  fluid  nature,  and  its  close  relation  to 
all  other  tissues  of  the  body — a  relationship  peculiar  to  it  alone. 
Its  quantity  and  quality  appear  to  be  constantly  varying.  Are 
we  then  entitled  to  regard  it  as  a  tissue,  seeing  that  it  apparently 
has  no  stable  composition  ?  When  we  speak  of  the  blood,  do 
we  speak  not  so  much  of  a  tissue,  as  of  a  mass  of  fluid  of 
varying  quantity  and  quality,  holding  certain  corpuscular  ele- 
ments in  suspension,  and  presenting  merely  a  certain  average 
composition  in  virtue  of  the  united  action  of  all  the  tissues  ? 
Unlike  all  those  structures  to  which  we  give  the  name  of 
'  tissue,'  it  appears  to  possess  no  single  characteristic  property, 
its  composition  being  determined  solely  by  the  quantity  and 
quality  of  the  material  poured  into  it  by  the  various  tissues. 
Hence  it  is  considered,  by  some,  to  be  far  more  profitable,  indeed 
necessary,  to  treat  of  the  blood,  not  as  a  tissue,  but  as  the 
great  means  of  communication  of  material  between  the  tissues 
properly  so  called, — to  regard  it  as  a  mass  of  material  by  which 
the  tissues  are  bathed.  Hence  the  title  frequently  given  to  it,  of 
'  the  nutritive  fluid  of  the  tissues.' 

To  regard  the  blood  in  this  light  seems  reasonable  enough 
in  health,  where  we  have  to  do  with  a  certain  average  activity  of 
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all  the  organs  of  the  body.  Even  as  a  working  hypothesis— and 
it  is  as  such  that  this  view  chiefly  recommends  itself— this  view 
completely  breaks  down,  in  the  presence  of  the  far  more  difficult 
problems  presented  by  the  blood  in  disease.  So  far  from  the 
blood  being  a  mixture  of  water,  proteids,  carbohydrates,  salts, 
etc. — a  simple  '  nutritive  fluid ' — a  consideration  of  all  the  evi- 
dence afforded  by  a  study  of  its  behaviour  in  health  and  disease 
points  irresistibly  to  the  conclusion,  that  it  is  a  highly  organized 
tissue  of  remarkably  stable  structure. 

The  most  notable  feature  presented  by  the  blood  is  not,  as 
is  usually  supposed,  its  varying  composition,  but  the  remark- 
able power  it  possesses  of  maintaining  a  composition  as  rightly 
entitled  to  be  termed  stable  as  that  of  any  other  tissue  of  the 
body, — notwithstanding  that  its  close  relation  to  all  the  other 
tissues  renders  it  peculiarly  subject  to  changes. 

The  evidence  pointing  to  this  conclusion  is  of  two  kinds  : 
(i)  that  derived  from  a  study  of  the  behaviour  of  the  blood  both 
in  health  and  disease,  under  conditions  tending  to  alter  its  com- 
position, both  in  quantity  and  quality;  (2)  that  derived  from  a 
study  of  the  nature  and  composition  of  the  plasma. 

The  former  evidence — functional  evidence — shews,  that  the 
blood  possesses  one  of  the  most  characteristic  properties  of  living 
tissues,  namely,  great  irritability ;  evidenced  in  its  case  by  its 
intolerance  of  the  presence  of  bodies,  even  those  normally  pre- 
sent in  it,  such  as  water,  sugar,  peptones,  salts,  if  they  do  not 
reach  it  by  the  ordinary  channels,  or  if  they  reach  it  in  too  great 
quantity,  even  by  the  ordinary  channels. 

The  use  of  salts  for  purposes  of  transfusion  is,  to  a  great  extent, 
based  on  the  assumption,  that  the  composition  of  the  plasma,  as  re- 
gards its  richness  in  inorganic  solids,  is  constantly  varying,  and  that 
the  injection  of  a  Httle  more  or  less  is  immaterial.  So  far  is  this  from 
being  the  case,  that  there  is  every  reason  to  believe  that  its  composi- 
tion in  inorganic  solids  remains,  consistently  with  its  discharge  of 
great  carrying  functions,  as  constant  as  that  of  any  tissue  of  the  body. 

This  constancy  in  composition  is  most  noticeable  in  the  case  of 
chlorides,  which  form  more  than  one-half  of  the  total  percentage  of 
salts  in  the  ashes  of  the  plasma ;  but  it  doubtless  also  is  the  same 
for  other  inorganic  constituents.  When  a  rich  supply  of  chlorides 
is  given  in  the  food,  the  excess  is  at  once  excreted  by  the  kidneys.^ 

1  St.  Klikowicz,  "Die  Regelung  der  Salzmengen  de  Blutes,"  Archiv  f.  Physiologic, 
1886,  p.  818. 
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When  withheld  altogether,  the  percentage  in  the  blood  at  first  falls 
very  considerably,  but  ultimately  rises  again  to  the  normal,  while  the 
excretion  of  chlorides  by  the  kidneys  falls  to  a  minimum.  The 
difficulty  experienced  in  removing  the  chlorides  from  the  serum  by 
osmosis,  even  with  the  aid  of  large  quantities  of  distilled  water 
(Hoppe-Seyler),  may  be  regarded  as  likewise  pointing  to  the  same 
conclusion ;  namely,  that  the  inorganic  solids  of  the  plasma,  as  of 
the  red  corpuscles,  are  present,  not  in  free  form  as  such,  but  in 
combination  with  the  other  constituents.  They  must  be  regarded, 
therefore,  as  constituting  portions  of  an  organized  structure  built 
up  by  the  agency  of  cells ;  and  their  amount  is,  therefore,  solely 
regulated  by  the  activity  of  these  cells.  This  is  specially  true  of 
the  phosphoric  acid  of  the  blood,  a  considerable  part  of  which  is 
derived  from  the  phosphorus  contained  in  lecithin, — one  of  the  most 
complex,  as  it  is  one  of  the  most  widely  spread,  organic  compounds 
in  the  body.  It  is  also  true  of  the  sulphates,  some  of  which  are 
derived  from  the  sulphur  of  proteids.  Hoppe-Seyler  has  recently 
shewn,  that  even  the  haemoglobin  of  the  corpuscles  is  not  present 
in  the  corpuscle  as  such,  but  is  in  intimate  combination  with  other 
organic  and  inorganic  solids. 

The  importance  of  these  various  facts  and  observations  lies  in 
this,  that  they  point  clearly  to  the  conclusion,  that  all  salts  injected 
directly  into  the  blood  form  no  part  of  the  blood  while  present,  but 
are  in  the  position  of  foreign  bodies.  They  are  removed  from  the 
blood,  and  excreted  from  the  body,  with  the  same  rapidity  as  sugar, 
peptones,  haemoglobin,  and  large  quantities  of  neutral  saline  solu- 
tions similarly  injected.  So  far  from  being  inert,  most  of  them  are 
injurious.  Thus  phosphate  of  soda  (5  per  cent,  solution)  exercises 
a  most  markedly  haemolytic  action  on  the  blood  (see  page  129, 
fig.  11). 

The  latter  evidence — structural  evidence — goes  to  shew,  that 
not  only  in  the  corpuscles,  but  also  in  the  plasma,  we  have  to  do 
with  proteid  material  built  up  into  organized  form,  differing 
from  the  proteid  material  introduced  into  the  blood  from  the 
food. 

The  key  to  the  solution  of  the  problems  presented  by  the 
blood,  both  in  health  and  disease,  is  to  be  found  in  the  recogni- 
tion of  this  fact — that,  what  are  termed  changes  in  its  composi- 
tion are  in  the  great  majority  of  instances  merely  changes  in  virtue 
of  its  function  as  the  carrying  tissue  of  the  body.  A  clear  dis- 
tinction is  to  be  drawn  between  changes  in  the  blood  as  a  tissue, 
— structural  changes,  and  changes  in  virtue  of  function,  func- 
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tional  changes.  The  latter,  however  marked— sugar  in  diabetes, 
uric  acid  in  gout— do  not  constitute  disease  of  the  blood  ;  the 
former,  however  slight— deficiency  in  haemoglobin,  in  the  num- 
ber of  corpuscles,  etc —do  constitute  disease  ;  and  their  cause 
must  always  be  sought,  not  in  the  tissues  as  a  whole,  but  in 
certain  organs  specially  concerned  with  the  life  of  the  blood — 
the  so-called  blood  organs. 

The  conclusions  pointed  to  by  a  study  of  the  behaviour  of 
the  blood  in  health  and  disease  are  the  following  : 

1.  The  blood  is  in  all  respects  a  tissue  of  highly  specialized 
structure,  adapted  for  the  performance  of  certain  specialized 
functions— chiefly,  the  conveyance  of  food  material,  gaseous 
liquid  and  solid,  to  all  the  tissues  of  the  body. 

2.  It  possesses,  in  common  with  all  tissues,  the  power  of 
maintaining  a  certain  physical  structure,  and  a  certain  chemical 
composition,  in  the  presence  of  the  most  varying  physical 
conditions. 

3.  The  peculiar  fluid  nature  of  its  matrix  necessitates,  in  its 
case,  special  arrangements  for  the  regulation  of  its  composi- 
tion not  required  by  the  other  tissues. 

This  mechanism  is  to  be  found,  partly  in  itself — its  white 
corpuscles,  and  the  endothelium  of  its  capillary  walls  ;  partly  in 
certain  organs  in  specially  close  relation  to  the  blood,  so  situated, 
that  its  composition  even  as  a  carrying  tissue  is  regulated  at 
certain  convenient  points  in  the  circulation — namely,  gastro- 
intestinal mucous  membrane,  more  especially  the  follicular  tissue 
around  the  portal  radicles,  the  spleen,  liver,  bone  marrow,  and 
lymphatic  glands.  With  the  exception  of  the  latter,  these 
blood-organs  possess  in  varying  degree  certain  features  in 
common — namely  (i)  slowness  of  circulation — common  to  all  ; 
(2)  closeness  of  relation  of  cells  to  the  blood  —  spleen  and 
bone  marrow  ;  (3)  power  of  accommodating  large  and  varying 
quantities  of  blood,  chiefly  venous,  which  the  portal  system, 
including  the  spleen  and  liver,  possesses  in  a  special  degree. 

It  may  be  convenient  to  regard  the  blood,  as  has  just  been 
said,  as  an  organized  tissue  ;  and  in  the  case  of  certain  of  its 
elements,  namely,  the  Leucocytes,  their  living  character  cannot  be 
gainsaid.    It  is  necessary  now  to  consider  more  particularly  to 
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what  extent  this  also  applies  to  its  other  elements — its  Red  cor- 
puscles or  its  Plasma.  And  first,  with  regard  to  the  plasma  ;  and 
the  evidence  that  it  is  a  highly  organized  tissue,  and  no 
mere  nutritive  fluid. 

I.— The  Plasma. 

Its  Organized  Nature. — Any  nutritive  value  the  blood  may 
have,  must  depend  on  the  presence  of  its  proteid  constituents. 
Of  these  the  blood  contains  about  20  per  cent.,  distributed 
unequally  between  the  corpuscles  and  the  plasma  ;  rather  more 
than  15  percent,  being  contained  in  the  corpuscles,  rather  less 
than  5  per  cent,  in  the  plasma. 

How  is  the  blood  affected  in  starvation  ?  As  the  '  nutritive 
fluid  of  the  tissues,'  does  it  suffer  in  any  special  degree,  at  a  time 
when  the  waste  of  the  tissues  is  not  being  replaced  by  food 
material  from  without?  We  know  that,  under  such  circum- 
stances, the  loss  of  substance  does  not  affect  all  tissues  equally. 
Some,  as  the  heart  muscle  and  the  brain,  suffer  but  little  ;  others, 
as  the  muscles,  generally  lose  much.  Does  the  blood  become 
poor  in  albuminous  constituents  out  of  all  proportion  to  the  loss 
in  the  other  tissues,  as  might  be  expected  if  its  substance  is  in 
the  first  instance  used  up  as  food  ?  On  the  contrary,  the  obser- 
vations of  Voit,  Panum,  and  Heidenhain  shew,  that  the  loss 
in  weight  of  the  blood  is  proportional  to  the  general  loss  in 
weight  of  the  tissues  ;  and  that  the  proportion  of  its  various 
constituents  remains  unaltered.  In  starvation,  as  in  health,  the 
blood  suffers  quantitatively  and  qualitatively  as  other  tissues. 
It  behaves,  not  as  a  mass  of  nutritive  material,  but  as  a  tissue. 
Its  carrying  function,  nutritive  and  respiratory,  remains  the  same 
to  the  la.st.  The  fact,  that  some  tissues,  such  as  skeletal  muscle, 
suffer  much,  while  others,  such  as  the  heart  muscle,  functionally 
active  to  the  very  last,  lose  but  little  in  weight,  implies  that  the 
latter  must  have  been  nourished  at  the  expense  of  the  former  ; 
that  food  material  must  have  been  conveyed  by  the  blood  from 
the  muscles  to  the  heart.  The  nutritive  functioii,  which  the  blood 
thus  subserves  in  virtue  of  its  carrying  function,  remains  the  same 
as  in  health.  The  same  holds  true  of  its  respiratory  function. 
Lastly,  the  quantity  of  blood  never  falls  below  the  point  at  which 
the  circulation  is  unable  to  be  maintained  ;  so  that  the  great 
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function  of  circulation,  which  the  blood  is  enabled  to  discharge  in 
virtue  of  its  physical  properties— fluidity,  viscosity,  etc.,  remains 
unaffected. 

The  stability  which  the  blood  thus  displays  in  health  it  con- 
tinues to  display  under  adverse  conditions.  Thus,  even  after  trans- 
fusion the  evidence  clearly  shews  that  its  proteid  material  is  not 
broken  up  as  so  much  food  material,  but  persists.  This  evidence 
is  of  the  following  kind. 

Any  nutritive  value  the  blood  may  have  must  depend  on 
the  presence  of  its  proteid  constituents.  Now,  one  of  the  facts 
definitely  established  with  regard  to  the  fate  of  proteids  introduced 
as  food  by  the  ordinary  channels,  is  that  their  utilization  as  food 
by  the  tissues  implies  their  breaking  up  in  the  first  place,  and  the 
excretion  from  the  body  of  a  quantity  of  nitrogen,  chiefly  in 
the  form  of  urea,  closely  corresponding  to  the  amount  contained 
in  the  food. 

If  to  an  animal  in  a  state  of  starvation — whose  excretion  of 
nitrogen  is  entirely  at  the  expense  of  its  own  tissues,  and  after  a 
time  remains  fairly  constant — we  give  a  certain  amount  of 
proteid  material  as  food,  we  might  expect  that  the  greater  part 
of  the  material  thus  given  would  be  built  up  into  the  tissues 
and  but  little  be  excreted.  What  we  do  find,  however — as  will 
be  seen  by  reference  to  the  accompanying  charts,  in  which  I 
have  represented  graphically  the  results  obtained  by  Forster 
in  his  well-known  experiments,  confirmed  by  those  of  Tchiriew 
— is  that  the  whole  of  the  nitrogen  thus  introduced  is  excreted 
from  the  body  at  once ;  there  is  an  increased  excretion  of 
nitrogen  corresponding  to  the  quantity  given  in  the  food. 

If  to  an  animal  in  a  similar  condition  a  certain  quantity  of 
blood  be  given  by  the  mouth,  we  have  a  similar  result ;  the 
increased  excretion  of  nitrogen  corresponds  to  the  quantity  of 
nitrogen  in  the  blood  administered. 

Thus,  Tchiriew  found  that,  in  a  period  of  three  days, 
during  which  13-19  grammes  of  nitrogen  were  given  in 
the  form  of  blood  by  the  mouth,  the  excretion  was  14-55 
grammes  ;  in  another  period  of  three  days,  the  excretion 
was  14-43  grammes  as  compared  with  14-38  grammes  in 
the  food;  in  a  third  period,  the  excretion  was  15-42 
grammes  as  compared  with  15-28  in  the  food. 
The  proteid  material,  whether  in  the  form  of  meat  or  in  the 
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form  of  blood,  had  undergone  disintegration ;  its  nutritive  value 
corresponded  to  the  quantity  of  nitrogen  it  contained,  and  was 
expressed  by  the  excretion  of  nitrogen  after  its  administration. 

Very  different  is  the  result  after  transfusion,  when  the  blood 
is  introduced  directly  into  the  vessels  instead  of  by  the  mouth. 
As  will  be  seen  (figs.  2  and  3),  there  is  little  or  no  increase  in 
the  nitrogen  excreted.  Some  slight  increase  there  always  is, 
but  it  in  no  way  corresponds  to  the  quantity  of  nitrogen  con- 
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Fig.  2.     X  =394grms.  blood  transfused  (l5'o6  grms.  nitrogen). 

— >  =  375  grms.  meat  by  the  mouth  (1275  grms.  nitrogen). 

tained  in  the  injected  blood.  Thus,  of  ig'og  grammes  of 
nitrogen  in  the  blood  transfused,  only  6'85,  of  i8'53  thus 
given  only  iO"6o,  of  7*84  only  4*39  grammes  appeared  in  the 
urine  in  the  periods  over  which  the  transfusions  were  made. 

Similarly,  in  Forster's  experiments  (charts  2  and  3),  while  the 
transfusion  of  394and6i  i  grammes  of  blood  (i.e.  organized  proteid) 
caused  hardly  any  appreciable  change  in  the  excretion  of  urea, 
the  administration  of  corresponding  quantities  of  proteids  by  the 
mouth  was  followed  immediately  by  an  increased  excretion  of  urea. 

We  must   conclude,   then,   that   blood   transfused  is  not 
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immediately  destroyed;  its  proteid  is  evidently  more  stable 
than  that  which  reaches  it  by  the  food.  Moreover,  this  is 
true  of  the  proteids  of  the  plasma  as  well  as  those  of  the  cor- 
puscles. This  is  well  brought  out  by  contrasting  the  results  repre- 
sented in  figs.  2  and  3  with  those  represented  in  figs,  4,  5,  6,  7. 
Plasma  (plus  corpuscles)  caused  no  rise  in  excretion  of  urea  (figs.  2 
and  3);  whereas  Serum  (even  without  corpuscles)  caused  a  distinct 
rise,  precisely  as  if  the  proteid  material  had  been  given  by  the 
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Fig.  3.  X  =611  grms.  blood  transfused  (19*92  grms.  nitrogen). 
=  6cx)  grms.  meat  by  the  mouth. 

mouth.  Defibrination  had,  in  the  latter  case,  destroyed  the 
organized  character  of  the  plasma,  and  its  proteids  were  treated 
as  if  they  were  so  much  food  material. 

The  nutritive  value  of  transfused  blood  is  therefore  corre- 
spondingly less  than  the  same  quantity  of  blood  given  by  the 
mouth.  The  two  functions  frequently  ascribed  to  it  at  one  and 
the  same  time — namely,  of  being  an  organized  tissue  and  of 
serving  as  nutritive  material  for  the  tissues — are  incompatible 
with  each  other. 

Hence  it  is  that  the  loss  of  weight  in  starvation  is  un- 
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affected  by  transfusion  of  blood  in  whatever  quantities  and  how- 
ever often  repeated  ;  and  this  is  the  case  even  although  at  death 
the  blood  may  be  not  only  increased  in  quantity,  but  actually 
richer  in  quality,  than  in  health. 

Thus  in  one  of  Tchiriew's  experiments  in  which  transfusion 
had  been  repeatedly  made,  and  in  which  the  weight  had  fallen 
steadily  from  6'928  to  4*583  kilos.,  the  quantity  of  blood  obtained 
from  the  body  amounted  to  about  87  per  cent,  of  the  body  weight 
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Fig.  4.     X  =430  c.c.  blood  serum  transfused  (6 '88  grms.  nitrogen). 
— >  =  200  grms.  meat  by  the  mouth. 

as  compared  with  the  7  per  cent,  usually  obtainable  in  health ;  and 
this  blood  contained  27"ii  per  cent,  of  solids  with  4*2 1  grammes 
of  nitrogen  as  compared  with  the  2 1  per  cent,  of  solids  containing 
about  3 "2  grammes  of  nitrogen  usually  found  in  healthy  blood. 
Similar  results  were  gained  by  Panum — by  a  method,  however, 
not  so  free  from  objection  as  that  of  Tchiriew,  on  whose  results, 
as  on  those  of  Forster,  the  greatest  reliance  can  be  placed. 

Bactericidal^  Globulicidal,  Iimmmizing,  and  Antitoxic  Pro- 
perties of  Blood  Seriint.  —  Although  defibrination  thus  alters 
essentially  the  relation  of  the  proteids  of  plasma  to  each  other, 
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these  still  retain  many  important  properties,  the  very  existence 
of  which  was  unknown  till  they  were  revealed  as  the  outcome  of 
bacteriological  research.  These  properties  are  variously  desig- 
nated, according  to  the  particular  way  in  which  they  manifest 
their  existence,  as  bactericidal,  globulicidal,  iminumzing,  and  anti- 
toxic] and  some  reference  to  them,  however  brief,  is  here  necessary, 
since  they  form  the  basis  of  that  remarkable  outcome  of  bacterio- 
logical research — the  serum  treatment  of  infective  disease. 
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Fig.  5.     X  =662  grms.  serum  transfused  (6-38  grms.  nitrogen), 
=  600  grms.  meat  by  the  mouth. 

1.  The  starting-point  of  the  discovery  of  the  existence  of 
such  properties  of  blood  was  the  clinical  observation  that  an 
attack  of  an  infective  disease  so  often  confers  more  or  less  com- 
plete immunity  against  all  subsequent  attacks  of  the  same  disease. 

2.  Then  followed  the  observations  of  Pasteur  with  regard  to 
anthrax,  that,  by  attenuation  of  the  living  villus,  a  milder  form  of 
the  disease  could  be  given  which  subsequently  protected  against 
the  same  disease. 

3.  Then  came  the  important  extension  of  this  by  Salmon  and 
Smith  (1887),  that  in  certain  cases  immunity  could  be  conferred 
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by  injection  of  the  chemical  products  of  the  virus,  freed  from  all 
living  elements  by  being  filtered  through  porcelain — a  result 
shewing  that  some  chemical  change  underlay  immunity. 

4.  About  the  same  time  came  a  series  of  observations  (Fodor, 
Nuttall,  Hankin,  Behring,  and  Buchner),  shewing  that  the  body 
fluids,  especially  those  of  the  blood,  possess,  under  certain  circum- 
stances, bactericidal  properties — these  properties  being  associated 
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Fig.  6.     x  =950  c.c.  serum  transfused  (i5'o8  grms.  nitrogen). 
— ^  -  500  grms.  meat  by  the  mouth. 

with  certain  proteids  of  the  serum,  and  being  of  ferment-like 
nature,  since  they  are  destroyed  at  a  temperature  at  which 
ferment  action  is  arrested  (55°  C). 

5.  The  remarkable  (haemolytic)  action  which  the  serum  of 
one  animal  exerts  on  the  red  corpuscles  of  another — globulicidal 
action — was  shewn  (Buchner)  to  depend  on  some  similar  ferment- 
like activity  of  proteids — since  it  also  is  entirely  arrested  at  a 
temperature  of  50°-6o''  C. 

6.  It  is  not,  however,  on  any  such  bactericidal  properties 
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of  blood  serum  that  immunity  is  dependent,  as  was  at  first 
thought.  It  remained  for  the  epoch-making  studies  of  Behring 
and  Kitasato  (1890)  to  shew  that,  apart  altogether  from  any 
such  properties,  the  blood  serum  of  an  animal  rendered  immune 
against  an  infective  disease  possesses  the  power  of  conferring  a 
similar  immunity  on  any  animal  subject  to  the  same  disease, 
into  whose  blood  it  is  introduced  in  suitable  quantity  ('  Behring's 
Law  ').    The  serum  possesses  immunizing  properties. 

7.  The  same  serum  possesses,  moreover,  what  for  therapeutic 
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Fig.  7.     X  =522  grms.  serum  transfused  (30  grms.  albumen). 

— >  =  150  grms.  meat  by  the  mouth  (32  grms.  albumen), 

purposes  is  even  more  important  —  the  power  of  destroying, 
antagonizing,  or  rendering  inactive  the  poisons  already  present 
in  the  blood — antitoxic  properties. 

This  law  of  Behring  has  been  found  to  hold  good  for  all 
diseases,  including  even  those  of  a  septic  nature,  which  shew  any 
degree  of  immunity. 

The  immunizing  and  antitoxic  power  of  serum  is  in  most 
cases  a  specific  one — that  is,  it  only  applies  to  the  particular 
disease  against  which  the  immunity  has  been  conferred.  Rut 
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there  are  exceptions  even  to  this  general  rule.  Thus  anti-tetanus 
serum  can  protect  not  only  against  tetanus  intoxication,  but  also 
against  snake  poison. 

The  foregoing  facts  bring  out  the  two  chief  features  of  the 
blood  plasma — namely  (i)  its  stability  in  the  face  of  all  ordinary 
disturbances  such  as  those  of  nutrition  ;  (2)  its  sensitiveness  to 
all  influences  of  an  infective  or  toxic  nature,  and  the  very  varying 
manner  in  which  these  manifest  their  action. 

The  outcome  of  the  investigation  now  to  be  recorded  shews 
that  the  influences  at  work  in  pernicious  anaemia  are  of  this 
latter  kind  ;  and  that  their  particular  manifestation  is  a 
haemolysis  greater  than  that  met  with  in  any  other  disease. 

II. — The  Red  Blood  Corpuscles. 

Their  Life  Duration.^ — The  normal  persistence  of  red  corpuscles 
within  the  circulation  has  hitherto  been  considered  more  a  question 
for  speculative  inquiry  than  for  experimental  proof  Attempts 
have  from  time  to  time  been  made  to  solve  it  experimentally,  by 
injecting  the  blood  of  one  animal  into  another  possessing  blood 
corpuscles  of  different  size  and  shape,  and  then  noting  how  long 
the  foreign  corpuscles  remained  in  the  body  of  their  host.  As 
might  have  been  anticipated,  the  success  of  such  experiments 
has  not  been  very  striking. 

Marfels  and  Moleschott,  .so  early  as  1856,  arrived  in  this  way 
at  the  conclusion  that  the  life  duration  of  corpuscles  must  be  a 
very  long  one,  since,  even  after  the  lapse  of  months,  they  could  still 
recognize  the  corpuscles  of  the  sheep  in  the  circulation  of  the  frog. 

Brown-Sequard,  also  (1857),  made  some  similar  observations, 
with  somewhat  anomalous  results ;  for  whilst  the  blood  corpuscles 
of  the  dog  or  rabbit  were  recognizable  a  month  after  injection 
into  the  circulation  of  fowls,  on  the  other  hand,  the  blood  cor- 
puscles of  fowls  were  not  to  be  found  in  the  blood  of  dogs  or 
rabbits  even  one  hour  after  injection. 

These  different  results  were  not  easy  to  explain.  The  latter 
observation  was  probably  the  more  correct  of  the  two ;  since, 
as  is  now  known  from  the  experiments  of  Panum,  Landois, 
Ponfick,  and  others,  such  a  method  of  investigation,  implying  as 

'  Tlie  terms  '  life,'  '  living,'  here  employed  are  used  only  for  convenience,  as  con- 
noting that  condition  of  the  red  corpuscle  which  enables  it  to  circulate  in  the  blood 
as  an  independent  unit.  Immediately  it  loses  that  condition,  it  is  seized  on  as  a 
foreign  body  (by  leucocytes,  splenic  cells,  etc.),  and  removed  from  the  circulation. 
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it  does  the  use  of  'dissimilar'  blood— blood  derived  from  an 
animal  of  another  species— is  doomed  from  the  outset  to  failure. 
The  blood  corpuscles  of  such  blood,  when  introduced  into  the  body 
of  their  host,  always  break  down  within  a  few  hours  of  injection  ; 
in  larger  quantities  they  are  directly  poisonous  to  the  organism  into 
which  they  are  injected. 

It  is  only  by  transfusion  of 'similar'  blood— blood  derived 
from  an  animal  of  the  same  species— that  any  results  bearing  on 
the  question  can  be  arrived  at.  That  the  corpuscles  of  such 
blood  remain,  for  a  certain  time  at  least,  in  the  body  of 
their  host,  was  to  be  assumed,  from  some  of  the  very  earliest 
experiments  on  transfusion  made  by  Dr.  Lower  in  1666,  in  which 
dogs  continued  in  good  health,  after  all  the  blood  in  their  bodies 
had  been  replaced  by  that  obtained  from  other  dogs. 

The  first  observer,  however,  to  make  direct  observations  on 
the  actual  duration  of  the  life  of  such  transplanted  or  transfused 
blood  corpuscles  was  Panum  in  1863. 

He  judged  the  number  of  corpuscles  present  in  any  quantity 
of  blood,  by  the  difference  in  specific  gravity  between  the  blood 
serum  and  defibrinated  blood.  In  this  way,  after  withdrawing 
blood  from  a  dog,  and  replacing  it  with  defibrinated  blood,  he 
was  able  to  shew,  that  two  days  later  the  number  of  blood 
corpuscles  remained  almost  unaltered,  and  that  five  days  later  the 
majority  of  them  still  remained  within  the  circulation. 

It  was  naturally  impossible,  by  this  rough  method,  to  determine 
more  closely  the  further  fate  of  the  transplanted  corpuscles.  This 
could  only  be  done  by  actual  enumeration  of  the  corpuscles  before 
and  after  the  injection,  a  method  of  investigation  at  that  time 
unknown.  Even  since  its  introduction,  the  results  obtained  have 
not  been  so  definite,  as  a  priori  might  have  been  expected.  They 
serve,  however,  to  throw  some  light  on  the  subject. 

There  are  two  ways,  in  which,  by  means  of  transfusion,  infor- 
mation as  to  the  duration  of  the  life  of  red  blood  corpuscles  may 
be  obtained — viz.,  either  by  transfusion  of  blood  without  fore- 
going depletion,  or  by  transfusion  of  blood  after  previous  with- 
drawal of  some  of  the  animal's  own  blood. 

In  the  latter  case,  the  difficulty  is  to  determine  afterwards, 
what  proportion  of  the  blood  corpuscles  present  belong  to  the 
animal,  and  what  proportion  is  derived  from  the  transfused 
blood  ;  since  by  the  withdrawal  of  blood,  the  standard  of  com- 
parison— the  number  of  corpuscles  originally  present — has  been 
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lost.  The  difficulty  is  one  which  from  its  very  nature  it  is  quite 
impossible  for  us  to  overcome. 

It  might  be  thought,  that  in  the  former  method — viz.,  transfu- 
sion without  any  foregoing  depletion — we  have  at  hand  a  ready 
means  of  ascertaining  the  duration  of  life  of  the  red  blood 
corpuscles  ;  since  the  normal  standard  is  in  no  way  interfered 
with,  and  the  time  taken  for  the  removal  of  the  excess  of  blood 
corpuscles  after  the  transfusion  will,  therefore,  represent  the 
longest  period  they  have  survived. 

This  is  indeed  the  case,  so  far  as  the  transfused  corpuscles 
are  concerned  ;  but  the  question  always  arises,  how  far  this 
period  corresponds  with  the  period  the  red  corpuscles  normally 
remain  within  the  circulation.  By  transfusion  of  blood  into  the 
circulation  of  a  healthy  animal,  an  abnormal  condition  of  the 
blood  —  a  so-called  plethora  —  is  for  the  time  being  brought 
about,  which,  so  far  as  we  know,  may  very  materially  in- 
fluence the  duration  of  life  of  the  injected  corpuscles.  The 
excess  of  blood  corpuscles,  thus  introduced,  can  only  be  got 
rid  of  by  a  process  of  increased  blood  destruction  on  the 
part  of  the  organism  ;  and  thus  the  transfused  blood  corpuscles 
are  not  placed  under  exactly  the  same  conditions  as  those 
under  which  they  normally  run  their  life  course.  In  spite, 
however,  of  these  disadvantages,  this  method  enables  us  to  arrive 
at  least  at  an  approximate  estimate. 

Worm- Mailer's  Results. — Worm-Muller  found,  after  such 
transfusions  in  dogs,  that  two  or  three  days  later  the 
number  of  blood  corpuscles  present  in  the  blood  closely  corre- 
sponded with  the  number  of  the  original  plus  the  injected 
corpuscles ;  a  few  days  still  later  the  blood  corpuscles  began 
to  break  down,  and,  by  the  end  of  a  few  weeks  at  most,  the  whole 
of  the  injected  corpuscles  had  been  removed  from  the  body. 
The  greater  the  quantity  of  blood  transfused,  the  longer  did  this 
process  of  removal  last  ;  for  whilst  after  the  transfusion  of  20  to 
30  per  cent,  of  blood  the  whole  of  the  injected  corpuscles  were 
removed  in  the  course  of  a  few  days,  after  injection  of  60  to  80 
per  cent,  their  removal  was  not  complete  till  about  the  end  of 
the  second  or  even  the  third  week. 

According  to  these  results,  therefore,  the  longest  duration  of 
life  of  transplanted  corpuscles  in  dogs  was  about  two  to  three  weeks. 

Quincke's  Results. — Quincke's  more  recent  observations,  also 
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made  on  dogs,  agree  with  this  estimate,  the  duration  of  life 
according  to  him  being  at  least  two  to  tlwee  zveeks.  His  method 
of  investigation,  however,  is  open  to  the  objection,  that  the 
percentage  amount  of  haemoglobin  in  the  blood,  which  he  always 
estimated,  does  not  necessarily  correspond  with  the  number  of 
blood  corpuscles  present.  With  this  reservation,  his  statement  may 
be  accepted  as  at  least  corroborative  of  that  of  Worm-Muller. 

Author's  Results.— The  results  of  my  experiments,  made  on 
rabbits, agree  in  the  main  with  those  of  Worm-Muller  and  Quincke. 

The  method  of  transfusion  I  adopted  differed  somewhat 
from  that  of  previous  observers.  The  blood  was  injected  into 
the  peritoneal  cavity  instead  of  being  introduced  directly  into 
a  vein.  The  absorption  from  this,  as  is  well  known,  is  so 
rapid  and  continuous,  that  peritoneal  injection  has  claims  to  be 
considered  a  slow  method  of  intravenous  injection.  In  some 
respects,  indeed,  for  experimental  purposes,  it  offers  advantages 
over  the  latter.  The  operation  is  easily  carried  out ;  and 
the  subsequent  absorption  into  the  circulation  (mainly  through 
the  lymphatics  of  the  diaphragm  and  the  thoracic  duct)  is  so 
continuous  and  steady,  prolonged  as  it  is  over  a  period  of 
some  twenty-four  to  forty-eight  hours,  that  time  is  given  during 
its  progress  for  the  removal  of  the  fluid  part  of  the  blood ;  and 
hence  little  or  no  distension  of  the  vascular  system  is  likely  to 
occur  after  the  injection  of  even  the  largest  quantities. 

The  method  is  naturally  open  to  the  objection,  that  the  fact  of 
the  blood  corpuscles  having  been  extravasated  may  possibly  affect 
their  vitality,  and  thus  shorten  the  duration  of  their  life.  That  a 
certain  number  of  them,  under  such  circumstances,  always  suffer  death 
i?i  situ  is  certain  ;  but  this  number  is  relatively  small ;  and,  as  will  be 
seen,  the  results  shew  that  the  vitality  of  those  absorbed  appears  in 
no  way  affected  by  their  temporary  sojourn  in  the  peritoneal  cavity. 

The  increase  in  the  number  of  corpuscles  in  the  blood,  as 
ascertained  by  actual  enumeration,  after  reaching  a  maximum 
on  the  second  or  third  day,  became  gradually  less  and  less ;  till 
at  the  end  of  a  certain  time,  varying  somewhat  in  the  different 
experiments,  the  number  of  blood  corpuscles  had  returned  to 
their  normal, — this  period  of  time  representing,  therefore,  the 
longest  period  the  injected  corpuscles  had  remained  in  the  blood 
in  that  particular  case.    (See  figs.  8,  9,  10,  ii.) 

The  experiments  were  made  both  with  pure  and  with  de- 
fibrinated  blood. 
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pure  blood  the  duration  was  : — In  two  experiments  26 
days;  in  one  21  days;  in  one  19  days;  and  in  one  14  days — 
the  longest  duration  being  thus  2 1  days. 

With  defibrinated  blood,  the  time  varied  from  14  to  21  days 
or  an  average  of       days  (figs.  9,  10). 

The  possible  persistence  of  transfused  blood  corpuscles, 

in  rabbits,  may,  therefore,  be  taken  as  from  two  to  four  weeks. 

This  applies  naturally  to  only  a  few  of  the  corpuscles  injected, 
doubtless  the  most  resistant  at  the  time  of  injection.  The  great 
majority  become  destroyed  at  a  much  earlier  period,  oftentimes 
with  great  rapidity. 

The  quantities  of  blood  injected  were  very  large,  varying 
from  about  40  to  90  per  cent.  ;  but  after  the  injection  of  smaller 
quantities  the  return  to  the  normal  was  complete  in  a  few  days 
(5-7)-  The  above  period  does  not  represent,  therefore,  the 
average  life  duration  of  transplanted  corpuscles.  On  the 
contrary,  all  my  observations  go  to  shew,  that  the  duration 
is  regulated  more  by  the  activity  of  the  general  metabolism, 
than  by  the  actual  resistance  of  the  corpuscles. 

Small  quantities  of  blood  are,  therefore,  probably  removed 
from  the  body  in  a  few  days,  judging  at  least  from  the  rapidity 
with  which  large  numbers  of  corpuscles,  e.g.  40  per  cent,  are 
destroyed  in  from  14  to  21  days,  a  destruction  of  blood  at  a 
rate  of  some  2  to  3  per  cent,  daily,  in  addition  to  the  normal 
amount  of  blood  destruction  going  on  in  the  body. 

This  consideration  is  of  importance,  in  view  of  the  value  to 
be  attached  to  the  operation  of  transfusion  in  man,  in  whom  the 
quantities  of  blood  transfusible  are  relatively  very  small. 

The  question  then  arises,  how  far  the  results  obtainable  in 
rabbits  are  applicable  in  the  case  of  other  animals.  Since  the 
metabolism  of  the  body  probably  varies  somewhat  in  each  dif- 
ferent species,  may  it  not  be,  that  the  duration  of  life  of  the  blood 
corpuscles  likewise  varies  ? 

As  has  been  seen,  the  results  obtained  in  dogs  and  rabbits 
agree  in  a  somewhat  striking  manner,  and  certainly  do  not  lend 
much  support  to  the  above  view.  They  both  alike  point  to  a 
period  of  some  two  to  four  weeks,  as  being  the  longest  duration 
of  life  of  transfused  blood  corpuscles. 

On  the  other  hand,  from  two  experiments  I  made  on  dogs, 
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it  would  almost  appear  as  if  in  them  the  process  of  blood 
destruction  were  in  reality  more  rapid  than  in  rabbits  ;  in  one 
case  the  normal  being  reached  on  the  sixth,  in  the  other  on  the 
eighth  day.  The  quantities  of  blood  injected  were,  however, 
relatively  very  small. 

Summary. 

The  results  of  these  experiments  go,  therefore,  to  shew, 
that  the  red  corpuscles  do  possess  an  independent  existence;  since 
even  under  the  relatively  unfavourable  conditions  of  being  trans- 
fused into  another  host,  they  can  remain  a  certain  length  of  time 
(two  to  three  weeks) — the  time  varying  according  to  the  activity 
of  the  blood-destroying  organs.  An  excess  of  blood  corpuscles 
is  not  tolerated  by  the  organism  for  any  length  of  time.  Hence, 
it  is  more  natural  to  assume  that  the  period  required  for  the 
destruction  of  the  injected  corpuscles  is  shorter  than  in  the 
case  of  the  normal  red  corpuscles  than  to  assume  the  reverse 
— viz.,  that  transfused  corpuscles  can  remain  longer  in  the 
circulation  than  the  animal's  own  blood  corpuscles. 

Such  are  the  results  obtainable  by  transfusion  without  fore- 
going depletion.  Although,  as  already  indicated,  they  are  more 
to  be  relied  on  than  those  obtained  by  transfusion  after  depletion, 
those  obtainable  by  the  latter  method  point  to  a  similar  period.^ 

The  evidence  thus  obtained  in  so  many  different  ways  all 
agrees  in  pointing  to  a  period  of  some  three  or  four  weeks  as 
the  longest  persistence  of  transfused  blood  corpuscles. 

It  has  already  been  seen  that  the  probabilities  are  all  in 
favour  of  this  life-duration  being  shorter,  rather  than  longer, 
than  that  of  the  normal  red  blood  corpuscles. 

H  ence  I  conclude  that  three  to  four  weeks  represents  approxi- 
mately the  average  duration  within  the  circulation  of  red  cor- 
puscles, in  the  rabbit,  the  dog,  and  presumably  also  in  man. 

Conditions  influencing  Life  Duration. 

As  already  said,  the  chief  of  these,  according  to  my 
results  after  transfusion,  appears  to  be  the  general  metabolic 
activity;  the  more  active  this  is,  the  shorter  the  life  of  the 

^  op.  cil.  2,  p.  48. 
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corpuscles ;  the  slower  it  is,  the  longer.  This  conclusion  is 
opposed  to  the  opinion  generally  entertained.  According  to 
Voit,  in  Hermann's  Physiologie,  we  have  hitherto  had  no  know- 
ledge, whether  the  corpuscles  are  destroyed  in  greater  number 
in  health  than  in  starvation.    "There  is  no  reason  why  there 
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Fig.  8. — Life-duration  of  red  corpuscles  after  transfusion  of  defibrinated 
blood  into  the  peritoneal  cavity  (Experiment  lo).  The  animal 
remained  in  good  health  throughout,  although  the  original  weight 
was  not  regained  till  close  of  the  experiment.  The  weight  is  repre- 
sented by  the  interrupted  line. 

should  be  a  greater  destruction  of  red  corpuscles  during 
digestion  than  during  the  fasting  state."  My  own  studies,  as 
will  be  afterwards  seen,  shew,  on  the  contrary,  that  it  is 
precisely  during  starvation,  that  destruction  -  of  corpuscles  is 
at  a  minimum,  and  during  digestion  that  it  is  at  a  maximum. 
After  transfusion  of  large  quantities  of  blood,  there  is  a 
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gradual  and  steady  fall  in  the  number  of  corpuscles  till  the 
normal  is  reached  two  or  three  weeks  later.  This  lengthened 
life  duration  is  only  found,  when  large  quantities  are  injected, 
and  only  applies  to  rabbits.  With  smaller  quantities,  the  life 
duration  is  correspondingly  shorter.     In  dogs,  a  longer  life 
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Fig.  9. — Life-duration  of  red  corpuscles  after  transfusion  of  pure  blood 
into  peritoneal  cavity.  The  health  of  the  animal  exceptionally  good 
throughout. 

duration  than  ten  days  was  not  observed.  The  two  factors  in- 
fluencing it  in  all  cases  were— (^?)  the  quantity  of  blood  transfused  ; 
(d)  the  condition  of  the  animal  at  the  time  of  the  transfusion  and 
subsequent  to  it.  As  regards  the  latter— the  one  applicable  to 
the  normal  blood  no  less  than  to  transfused  blood— the  following 
conclusions  could  be  drawn  from  a  study  of  the  results  obtained 
in  my  different  experiments : 

I.  Any  condition  in  which  metabolism  is  diminished,  as  in 
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starvation,  tends  to  prolong  the  life  of  the  red  corpuscles.  This 
applies  both  to  the  animal's  own  corpuscles  and  to  the  corpuscles 
of  transfused  blood  (fig.  8). 

2.  Any  condition  approaching  that  of  health,  in  which 
metabolism  is  active,  tends  to  shorten  the  life  duration  of  the 
transfused  corpuscles  (fig.  9). 

3.  In  any  condition  in  which  metabolism  is  increased,  the 
life  duration  of  the  red  corpuscles  is  shortest  of  all  (fig.  10).^ 
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Fig.  10. — Life-duration  of  red  corpuscles  after  transfusion  of  pure 
blood  into  peritoneal  cavity  (Experiment  9).  The  animal 
remained  in  poor  health  from  the  time  of  the  experiment. 

4.  Lastly  the  life  duration  is  very  greatly  influenced  by 
certain  drugs  (fig.  11). 

Effect  of  Defibrination. — Defibrination  destroys  the  character 
of  the  blood  as  a  tissue  by  destroying  its  matrix.  On  the  red 
corpuscles,  however,  it  has  little  or  no  injurious  effect.  Their 
life  duration  after  defibrination  is,  under  favourable  circum- 
stances, the  same  as  when  pure  blood  is  transfused  (fig.  8). 
This  conclusion  differs  from  the  one  arrived  at  by  Hayem, 
according  to  whom,  the  corpuscles  are  by  the  act  of  defibrination 
doomed  to  a  certain  death  —  'are  killed,  beaten  to  death.' 

^  For  fitllcr  discussion  of  these  curves,  see  the  author's  paper  in  Journal  of 
Anatomy  and  Physiology,  vol.  xxi.,  1887. 
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They  are  ultimately  destroyed,  as  the  animal's  own  cor- 
puscles are ;  but  that  they  are  not  killed  is  clear  from  the 
circumstance,  that  they  remain  within  the  blood  for  days,  some- 
times even  for  weeks  ;  whereas,  as  will  be  afterwards  seen,  red 
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Fig.  II.— Injection  of  100  c.c.  of  pure  blood  mixed  with  30  c.c.  of 
a  5  per  cent,  solution  of  sodium  phosphate  into  the  peritoneal 
cavity  of  a  rabbit  under  the  same  conditions  and  with  the  same 
precautions  as  in  the  preceding  series  with  pure  and  defibrinated 
blood.  Greater  quantity  of  blood  transfused.  Life-duration  of 
corpuscles  shorter. 

corpuscles  killed  by  the  action  of  poisons— for  example,  by 
pyrogallic  acid-  are  seized  upon  by  the  leucocytes,  and  removed 
from  the  circulation,  in  the  course  of  a  few  hours. 
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CHAPTER  XI. 


HEMOLYSIS  IN  HEALTH. 

Introductory. — Like  other  tissues,  the  blood  must  be  affected 
by  the  discharge  of  its  functions  as  the  carrying  tissue  of  the 
body.  A  certain  wear  and  tear  is  connected  with  this  process, 
which  must  affect  in  varying  degree  its  various  elements — plasma, 
white  corpuscles,  and  red  corpuscles. 

What,  under  these  circumstances,  is  its  ultimate  fate  ?  Where, 
and  in  what  manner,  are  its  elements  destroyed,  and  in  what 
manner  are  the  products  of  this  destruction  disposed  of.  The 
various  processes  involved  may  be  conveniently  grouped  under 
the  one  title  of  '  HiEmolysis,'  by  which  term  I  mean  no  single 
process  affecting  one  part  of  the  blood  alone,  e.g.  the  red  cor- 
puscles, but  the  whole  series  of  retrogressive  changes  which  affect 
the  blood  as  a  whole,  and  result  in  the  destruction  and  removal 
of  its  various  parts — red  corpuscles,  leucocytes,  or  plasma. 

The  changes  do  not  necessarily  affect  all  these  parts  in  equal 
degree  ;  sometimes  one  (the  red  corpuscles),  sometimes  another 
(the  leucocyte),  sometimes  the  third  (the  plasma),  being  specially 
affected.  To  distinguish  these  variations,  corresponding  terms 
may  be  employed  ;  and  we  can  speak  of  a  Hcemocytolysis,  or 
a  Leiicocytolysis,  or  a  Plasmolysis,  as  the  case  may  be. 

I. — Evidences. 

Of  these,  Hcemocytolysis  is  the  one  which  has  received 
the  little  attention  that  has  hitherto  been  given  to  the  sub- 
ject. The  fate  of  the  red  corpuscles, — constituting,  as  these  do, 
the  chief  bulk  of  the  blood — has  overshadowed  what  at  first  sight 
appears,  the  altogether  subsidiary  processes  of  leukocytolysis  or 
plasmolysis.    The   reason  for  this,  doubtless,  has  been,  that 
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the  process  of  hc-emolysis  can  be  most  easily  studied,  as  it 
affects  the  red  corpuscles.  One  of  their  constituents— haemo- 
globin—is  of  such  a  special  character,  that,  unlike,  the  proteid 
constituents  of  the  leucocyte  or  the  plasma,  it  cannot  be  got  rid 
of  without  leaving  some  evidence  of  its  fate  behind, — in  the 
form  of  either  Bile  pigment.  Urinary  pigment,  or  Blood  pigment. 
Indeed,  it  would  almost  appear  as  if  special  provision  had  had  to 
be  made  for  getting  rid  of  the  bye-products  of  this  particular 
body  (haemoglobin)  ;  since,  cotemporaneously  with  its  appearance 
in  the  animal  scale,  appears  also  the  Liver,  one  of  whose  most 
prominent  functions  is  the  destruction  of  haemoglobin,  and  the 
excretion  of  its  pigment  remains  in  the  form  of  the  bile  pigments. 

Prominent,  however,  as  the  evidences  of  haemocytolysis  may 
thus  be,  of  no  less  importance,  and,  if  looked  for,  hardly  less 
prominent,  are  evidences  oi Leukocytolysis  and  Plasmolysis, — these 
two  processes  being  considered  together,  since  they  are  inter- 
twined, and  mutually  affect  each  other  greatly. 

The  chief  evidence  of  the  former  is  the  extraordinary  daily 
variations  in  the  number  of  leucocytes — Leucocytosis — connected 
chiefly  with  digestion  ;  variations  that  necessarily  imply  periodic 
increase,  with  subsequent  diminution  in  their  number.  The  chief 
evidence  of  the  latter  is  a  change  of  a  less  prominent  character, 
but  one  nevertheless,  when  properly  regarded,  no  less  significant ; 
namely,  the  increased  coagulability  of  the  blood  {i.e.  the  plasma) 
at  certain  periods — a  phenomenon  (like  leucocytolysis  and  doubt- 
less related  to  it),  most  marked  during  digestion — in  that  portion 
of  the  blood  where  the  leucocytic  changes  are  most  marked, 
namely,  the  portal  circulation.  The  changes  in  the  plasma 
include,  moreover,  others  of  a  more  easily  demonstrable  kind, 
namely  ;  certain  well-marked  morphological  changes — the  presence 
of  albuminous  spheres  and  granules,  undoubtedly  derived  from 
the  plasma  itself,  as  well  as  from  the  corpuscles ;  changes 
confined  to  those  situations  in  which  the  plasmolysis  is  most 
active,  especially  the  spleen. 

All  these  evidences  of  haemolysis,  of  varying  prominence  in 
health,  become,  under  special  conditions,  as  the  following  studies 
will  shew,  exceedingly  prominent  in  disease  ;  and  their  true  value 
and  significance  can  under  such  circumstances  be  much  more 
readily  determined. 
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II.— Nature. 

As  regards  the  Nature  of  haemolysis,  it  is  by  no  means  the 
slow  and  gradual  process  of  decay,  which,  notably  in  the  case 
of  the  red  corpuscle,  it  is  represented  to  be  by  the  only  observer 
who  has  made  any  previous  study  of  the  subject. 

"The  red  corpuscles  gradually  lose  their  elasticity  and 
become  effete  ;  and  when  they  are  to  be  eliminated,  are  taken 
up  by  white  corpuscles,  and  by  the  cells  of  spleen,  and  bone 
marrow ;  and  stored  up,  especially  within  the  capillaries  of 
the  liver,  the  spleen,  and  the  bone  marrow.  The  enclosed 
corpuscles  are  then  converted  into  yellow-coloured  and 
colourless  albuminates  of  iron,  which  are  recognizable 
micro-chemically,  partly  in  granular,  partly  in  soluble  form  ; 
part  of  the  material  being  given  up  to  the  liver  cells,  and 
converted  into  bile  pigment."^ 

On  the  contrary,  as  the  subsequent  studies  shew — 

(1)  It  is  an  active  process,  causing  changes  in  the  plasma,  and 
consequent  liberation  of  haemoglobin  from  the  red  corpuscles. 

(2)  It  involves  all  parts  of  the  blood — leucocytes,  plasma,  and 
red  corpuscles. 

(3)  It  involves  a  daily  liberation  of  haemoglobin,  and  its  de- 
struction by  the  liver, 

(4)  It  is  greatest  in  youth,  diminishes  gradually  with 
advancing  age,  and  is  very  slow  in  old  age. 

(5)  It  is  greatest  during  digestion  ;  so  much  so,  as  practically 
to  be  confined  to  that  part  of  the  circulation  specially  affected 
by  the  processes  of  digestion,  viz.,  the  portal  blood. 

I.  Chronic  Hsemoeytolysis. — The  mode  of  death  described  by 
Quincke  does  occur ;  but  it  represents  only  one,  and  that  the  least 
important,  manner  in  which  red  corpuscles  meet  their  fate. 

I  designate  it  chronic  hcEinocytolysis,  in  contradistinction  to 
acute  haemocytolysis,  the  process  described  later  (see  p.  135).  It 
is  the  change  in  the  corpuscles  which  occurs  when  they  have 
not  been  subjected  to  any  specially  injurious  influences;  when, 

I  Quincke,  D.  Archiv  f.  klin.  Med.,  xxxii.,  1883  ;  also  Kunkel,  Zeitsch.  f.  Physiol. 
Chemie,  Bd.  v. 
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in  consequence,  they  have  been  allowed  to  undergo  a  process  of 
natural  decay  within  the  circulation. 

This  process,  then,  is  a  slow  and  gradual  decay  of  the  cor- 
puscle; manifested  chiefly,  by  slight  changes  affecting  colour, 
shape,  and  resistance — namely,  deeper  colour,  more  spherical 
shape,  and  greater  resistance  offered  towards  reagents.  The 
haemoglobin  remains  within  the  corpuscle  to  the  last.  The  cor- 
puscle, as  a  whole,  is  ultimately  taken  up  by  cells,  especially  those 
of  the  spleen,  but  also  by  leucocytes ;  and  is  carried  to  certain 
situations — namely,  the  spleen,  the  capillaries  of  the  liver  (figs.  12 


Fig.  13. 

Fig.  12. -Liver  of  an  Old  Pigeon.  Numerous  pigment  masses  in  the  capillaries  • 
no  pigment  in  the  liver  cells  ;  many  of  the  pigment  particles  display  the  size  and 
shape  of  the  original  red  corpuscles  from  which  they  have  been  formed. 

Fig.  13.-L1VER  OF  AN  Aged  Dog,  shewing  pigment  masses  in  the  capillaries;  none 
in  the  liver  cells  ;  the  size  of  many  of  the  particles  is  seen  to  correspond  to  that  of 
the  origmal  red  corpuscles. 

and  13),  and  the  bone  marrow.  The  pigment  thus  formed  is  never 
found  within  the  liver  cells.  Within  the  cells,  the  hc-emo-bbin 
undergoes  gradual  conversion  into  blood  pigment ;  the  particular 
character  of  this  pigment  being,  that  it  often  forms  conglomerate 
heaps.  Its  particles  varying  in  size  and  shape— many  of  them 
retaming  the  size  and  shape  of  the  original  red  corpuscles.  This 
feature  is  best  seen  in  those  animals  possessing  red  corpuscles 
of  special  size  and  shape,  e.g.  frog,  bird  ;  for  the  larger  the 
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original  corpuscle,  the  larger  the  pigment  particles  formed  (fig. 
12,  liver  of  an  old  pigeon).  When  once  formed,  this  pigment  is 
remarkably  resistant ;  hence  it  can  be  recognized  long  after  the 
death  of  the  original  corpuscle.  Hence  further,  pigment  of  this 
cJiaracter  and  in  the  above  situations  affoj'ds  no  inforntation  as  to 
the  titne  of  death  of  the  corpuscles. 

As  regards  its  significance  as  an  index  of  the  amount  of  the 
preceding  Jimnolysis,  it  may  be  said  that  this  has  usually  been  in 
inverse  proportion  to  the  amount  of  this  kind  of  pigment  present. 
For  its  presence  denotes,  that  the  conditions  have  been  favour- 
able to  the  slow  and  gradual  decay  of  the  red  corpuscles, — that 
is  to  say,  the  changes  in  the  blood  have  not  been  very  active, 
otherwise  these  corpuscles  would  have  been  destroyed  in  the  way 
presently  to  be  described. 

This  statement  holds  true  for  health,  and  most  conditions  of 
disease.  Experimentally  it  is  possible,  in  the  case  of  certain 
poisons,  to  inject  such  doses  that  the  red  corpuscles  are  killed 
almost  instantly  (within,  it  may  be,  a  few  minutes),  without 
breaking  up.  In  that  case,  they  are  enclosed  bodily  by  leucocytes 
and  splenic  cells,  and  the  pigment  subsequently  formed  therein 
retains  the  characters  of  chronic  haemocytolysis.  In  disease,  a 
somewhat  analogous  condition,  albeit  one  of  slower  origin,  is  repre- 
sented in  malaria,  where  the  corpuscle  becomes  individually  the 
seat  of  parasitic  infection,  and  yet  often  dies  en  bloc  (Plate  VIII.). 

As  regards  its  relation  to  bile  pigment  formation,  it  remains  to 
be  added,  that  for  reasons  that  will  be  stated,  the  above  pro- 
cess of  chronic  ha^mocytolysis  subserves  the  process  of  bile 
pigment  formation  in  an  altogether  subsidiary  degree. 

In  other  words  the  process  favours  the  accumulation  of  blood 
pigment  in  the  body;  and  only  slightly,  the  formation  of  bile 
pigment. 

2.  Acute  Hsemoeytolysis. — In  marked  contrast  with  the  pre- 
ceding is  the  process  now  to  be  described  ;  the  one  connected 
with  active  haemolysis  in  the  blood.  In  this,  the  haemoglobin  is 
set  free  from  the  corpuscle;  possibly  sometimes  as  free  haemo- 
globin ;  but  far  more  frequently,  still  retaining  some  combina- 
tion with  the  proteid  material  of  the  stroma  of  the  corpuscle. 
Its  fate  under  these  circumstances  is  a  varying  one.    Part  of  it 


PLATE  V. 
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may  be  utilized  at  once  for  purposes  of  blood  formation,  in  the 
very  sites  in  which  it  is  set  free  (v.  posted) ;  part  of  it  may  be 
taken  up  by  cells,  and  there  undergo  gradual  conversion  into 
blood-pigment ;  but  the  special  feature  of  the  change  is,  that  part 
of  the  hiemoglobin  is  carried  to  the  liver,  taken  up  by  the  liver 
cells,  and  then  broken  up.  It  is  this  process  which  subserves  the 
biliary  function  of  the  liver;  it  is  this  process  which  leads,  under 
particular  conditions,  to  an  excess  of  iron  and  pigment  within  the 
liver  cells.  In  health,  the  chief  evidence  of  this  change  in  the 
corpuscles,  this  acute  hremocytolysis,  is  the  formation  of  bile 
pigment  and,  to  an  altogether  subsidiary  extent,  the  formation  of 
blood-pigment,  or  deposit  of  iron — the  latter  chiefly  within  the 
liver  cell.  If  pigment  is  formed,  it  possesses  certain  characters 
that  serve  to  distinguish  it  from  that  formed  as  the  result  of 
chronic  haemocytolysis — namely,  a  greater  uniformity  in  the  size 
and  shape  of  its  particles,  which  are  generally  smaller.  More- 
over, these  characters  are  not  affected,  as  in  the  former  case, 
by  the  size  or  shape  of  the  original  corpuscle.  On  the 
contrary,  they  are  the  same  for  all  animals — frog,  pigeon,  or 
mammal  (fig.  2,  Plates  VI.,  VII.,  VIII.,  and  IX.). 

Moreover,  another  feature  no  less  distinctive  is,  that  this  pig- 
ment is  the  only  variety  found  within  the  liver  cell — a  fact 
possessing  a  special  significance,  denoting,  namely,  that  the 
haemoglobin  broken  up  by  the  liver  cell  has  passed  into  that  cell 
as  haemoglobin.  In  other  words,  any  haemolytic  change  that 
takes  place  in  the  liver  occurs  in  the  capillaries  adjacent  to  the 
liver  cells,  not  within  the  liver  cells  themselves.  The  latter  deal 
with  the  haemoglobin  set  free,  and  carried  through  the  endothelial 
cells  of  the  capillary  walls  into  them  ;  the  actual  liberation  of  the 
haemoglobin  from  the  red  corpuscle — acute  haemocytolysis — 
occurs  either  in  the  capillaries  of  the  liver,  or — and  still  more,  as 
will  be  afterwards  seen — in  the  portal  blood  before  it  reaches  the 
liver,  notably  in  the  spleen  (Plate  III.). 

Further,  the  pigment  formed  in  this  way  possesses  the 
characters  above  described  wherever  it  is  found — e.g.  in  the 
splenic  cells,  the  leucocytes,  the  endothelial  cells  of  the  liver,  or 
in  the  cells  of  the  convoluted  tubules  of  the  kidney.  The  con- 
dition in  the  blood  antecedent  to  this  change  is  thus,  and  this  is 
the  point  of  cardinal  importance,  what  may  be  described  as  a 
local  hczmoglobincemia ;  that  is  to  say,  the  haemoglobin  so  acted 
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upon  has  first  escaped  from  the  individual  red  corpuscle  con- 
cerned. The  red  corpuscle  has  not  been  taken  up  bodily  by 
the  cell  in  which  the  pigment  is  found.  The  haemoglobin  has 
been  set  free  from  the  corpuscle  into  the  plasma — whether 
actually  as  free  haemoglobin,  or  in  combination,  as  is  probably 
most  common,  with  the  proteid  of  the  stroma,  matters  not  from 
our  present  point  of  view — and  has  thence  passed  into  adjacent 
cells,  splenic,  leucocytic,  endothelial,  or  renal,  as  the  case  may  be. 
That  is  its  chief  significance.  It  affords  no  information  regarding 
the  site  of  the  antecedent  haemocytolysis,  not  even  in  the  case  of 
the  liver  cell  itself.  Even  in  cases  in  which  these  may  be  filled 
with  such  pigment,  the  evidence  adduced  clearly  proves  that  the 
greater  part  of  the  preceding  haemocytolysis  with  its  corresponding 
local  haemoglobinasmia  has  taken  place  elsewhere  in  the  portal 
blood,  notably  in  the  spleen. 

The  use  of  this  term  hcsinoglobincEinia,  in  the  above  defined 
sense,  calls  for  some  remark.  The  term  has  hitherto  been 
generally  used  as  signifying  the  presence  of  free  haemoglobin 
in  more  or  less  quantity  in  the  plasma — in  quantity  recognizable 
by  ordinary  spectroscopic  tests  for  haemoglobin  ;  such  a  con- 
dition, in  fact,  as  must  necessarily  exist  in  every  case  marked 
by  haemoglobinuria.  In  that  sense,  it  may  be  still  employed, 
but  not  exclusively  in  that  sense.  In  the  strictest  sense,  it  is  also 
the  appropriate  term  to  designate  any  condition,  however  slight, 
in  which  haemoglobin  has  been  released  from  its  red  corpuscle, 
and  has  passed  into  the  plasma ;  whether  the  escape  be  confined 
to  a  single  red  corpuscle,  or  to  a  multitude.  In  this  sense,  it  is 
here  employed,  as  being  at  once  the  correct,  and  the  most 
appropriate,  description  of  the  condition  referred  to. 

I  thus  find,  that  the  significance  attaching  to  blood  pigment  as 
an  evidence  of  haemocytolysis  varies  according  to  the  characters 
of  its  granules,  and  its  distribution.  In  the  spleen  and  bone 
marrow,  the  character  of  the  pigment  is  with  few  exceptions  our 
guide  as  to  its  nature,  whether  chronic  or  acute.  In  the  case  of 
the  liver  we  have  to  consider  not  only  its  characters,  but  also 
its  precise  situation,  whether  within  the  liver  cells,  or  within  the 
capillaries,  or  in  both  situations. 


PLATE  VI. 

To  frire  'pnrjp  13(5. 


Fig.  1.— acute  H.KMOCYTOLY81S.    LIVER  OK  A  PIGEON. 

Showing  the  cliaracter  and  .situation  of  the  blood  pigment  formed  from 
free  hifinoglobin  (acute  hiemocytolysis)  fine  granules  wilhin  the  liver  cells ; 
none  in  the  capillaries. 

See  also  Plate  facing  page  184. 


Fig.  2.-ACUTB  HyEMOCYTOLYSIS.    LIVER  OF  A  RABBIT. 

Showing  the  abundance  and  situation  of  the  fine  pigment  granules 
vithin  the  liver  cells  after  acute  hu'inocytolysis  induced  by  toluylciidiamin 
Camera  lucida  drawing.    Exp.  43. 


Pernicious  A rui'Miu,  lir.  W.  Hunter. 
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III.  — Causes. 

As  regards  the  factors  which  bring  about  this  destruction, 
I  find  : 

(1)  The  destruction  is  no  mere  senile  decay. 

(2)  Nor  is  it  the  result  of  any  mere  physical  action  of 
products,  e.g.  food  products,  introduced  into  the  blood  during 
digestion. 

(3)  It  is,  on  the  contrary,  the  result  of  the  activity  of  the 
cells,  either  within  the  blood  (leucocytes),  or  lying  in  closest 
relation  to  it  (gastro-intestinal  mucosa,  spleen,  and  liver) ;  and 
of  special  changes  (plasmolytic  or  globulicidal)  induced  in  the 
plasma  by  the  activity  of  such  cells. 

(4)  Since  the  activity  of  this  group  of  cells  is  mainly  a 
question  of  gastro-intestinal  chemistry — that  is  to  say,  is  chiefly 
dependent  upon  the  character  and  amount  of  the  food  taken, 
the  heemolytic  changes  which  attend  this  activity  are  thus  most 
marked  during  digestion.  During  starvation,  on  the  other  hand, 
they  are  at  their  minimum.  It  is  also,  however,  during  digestion 
that  blood-formative  processes  are  presumably  most  active, 
whether  in  plasma,  leucocytes,  or  red  corpuscles.  It  thus 
appears,  that,  in  this  as  in  other  respects,  the  behaviour  of  the 
blood  is  that  of  a  tissue.  Just  as  in  muscle  the  work  which 
promotes  its  growth  must  always  be  attended  by  corresponding 
wear  and  tear ;  so  also  in  the  blood,  it  is  affected  most  in- 
juriously by  the  very  influences  which  promote  its  renewal.  In 
other  words,  in  it,  as  in  all  other  tissues,  waste  and  repair  are 
always  associated  together. 

IV.  — Seats. 

With  regard  to  the  seats  of  these  changes,  it  is  necessary,  in 
the  first  instance,  to  bear  in  mind  that  in  haemolysis  two  pro- 
cesses are  involved,  namely  : 

(1)  The  actual  process  of  disintegration  of  the  various 
elements, — leucocytes,  plasma,  and  red  corpuscles. 

(2)  The  subsequent  disposal  of  the  various  products  derived 
from  this  disintegration,  e.g.  haemoglobin  and  blood  pigments. 

The  seats  of  these  two  processes  are  not  necessarily  the 
same.    Thus,  to  confine  for  the  moment  our  attention  to  the 
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red  corpuscle,  its  haemoglobin  may  be  set  free  into  the  plasma 
by  one  set  of  agencies,  in  one  situation  ;  and  be  ultimately  carried 
to  be  broken  up  in  another  situation  by  quite  another  set  of 
agencies. 

Products  of  this  destruction — e.g.  blood  pigment,  may  be 
found  in  one  situation,  and  may  appear  to  denote  that  that 
particular  site  has  been  the  seat  of  the  haemolysis — a  conclu- 
sion that  may  be  quite  erroneous. 

This  assumption  seems  a  natural  one,  and  is  hence  very 
widely  spread.  It  has  proved  a  source  of  fallacy  in  this  relation, 
serving  to  obscure  the  significance  that  should  rightly  attach  to 
blood  pigment.  It  has  led  to  the  view  that  pigment  within  the 
spleen  or  liver  denotes  that  particular  organ  to  be  the  seat  of 
the  preceding  blood  destruction  ;  and  further,  that  the  amount 
of  pigment  is  an  index  of  the  extent  of  the  preceding  destruc- 
tion. 

The  evidence  adduced  in  the  accompanying  studies  proves 
conclusively  that  this  is  far  from  being  the  case.  It  shews  that 
blood  pigment  is  by  no  means  a  reliable  index,  either  of  the 
amount^  or  the  sitCy  of  the  preceding  blood  destruction. 

With  regard  to  amount:  on  the  one  hand,  pigment  may  be 
absent  when  the  blood  destruction  is  most  active  ;  its  absence, 
indeed,  for  reasons  given,  being  one  of  the  evidences  that  the 
destruction  has  been  active.  On  the  other  hand,  its  presence  in 
certain  situations^  e.g.  the  spleen,  even  in  large  amount,  may,  and 
often  does,  denote  that  the  destruction  has  been  a  slow  and 
gradual  one. 

And  as  regards  the  site :  absence  of  pigment  from  the  spleen 
may  be,  and  often  is,  quite  consistent  with  the  most  active 
haemolysis  going  on  in  that  organ  ;  while  its  presence  in  the  liver, 
even  in  large  amount,  so  far  from  proving  that  the  liver  has  been 
the  seat  of  actual  hsemolysis,  may  be,  and  often  is,  quite  con- 
sistent with  a  preceding  haemolysis  effected  entirely  outside  the 
liver,  namely,  within  the  spleen  and  gastro-intestinal  capillary  area. 

No  part  of  the  studies  relating  to  this  subject  of  haemolysis 
proved  to  be  of  a  more  difficult  character  than  this  one  just 
mentioned  —  namely,  the  significance  to  be  attached  to  the 
presence  of  blood  pigment  as  an  indication  of  the  seat  of 
haemolysis.     It  was  only  after  some  three  years  continual  obser- 
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vations,  and  experiments,  that  the  various  facts  could  be  grouped 
together,  so  as  to  come  under  one  generalization. 

Results.— The  following,  then,  are  the  results  of  my  various 
studies  with  regard  to  this  particular  point. 

1.  Hjemolysis  does  not  occur  in  all  parts  of  the  circulation 
alike,  as  would  seem  at  first  sight  to  be  most  likely. 

2.  On  the  contrary,  it  is  confined  almost  exclusively  to  the 
portal  area,  as  distinguished  from  the  area  of  the  general 
circulation. 

3.  The  chief  seats  of  haemolysis  within  this  area  are,  in  their 
order  of  importance, 

{a)  The  Spleen. 

ib)  The  Gastro-intestinal  capillary  area. 
{c)  The  Capillaries  of  the  liver. 

4.  Outside  the  confines  of  this  area,  the  amount  of  haemolysis 
in  health  is  so  small  that  it  may  be  disregarded.  The  only  site, 
where,  possibly,  a  certain  change  may  occur,  is  the  bone-marrow. 
But  this  tissue  is  more  concerned  with  the  storage  and  disposal 
of  old  effete  red  corpuscles,  than  with  the  active  destruction  of 
normal  corpuscles. 

5.  In  health,  it  may  be  said,  that  apart  from  the  changes 
occurring  in  the  portal  area  and  in  the  organs  in  relation  to  it, 
little  or  no  evidence  of  any  haemolysis  is  forthcoming.  The  chief 
evidence  is  afforded  by  the  liver — the  formation,  namely,  of  bile 
pigments.  But  anatomically,  constant  evidence  is  also  to  be 
found  within  the  spleen,  viz.  changes  in  the  plasma,  and  in  the 
red  corpuscles  ;  also  within  the  gastro-intestinal  mucosa,  although 
from  their  widespread  distribution  these  are  not  so  readily  de- 
monstrated as  in  the  case  of  the  spleen, 

6.  In  health,  all  the  products  of  haemolysis  are  disposed  of 
within  the  confines  of  the  portal  area,  chiefly  by  the  liver ;  and 
none  of  them  ever  reach  the  general  circulation.  Hjemoglobin 
in  considerable  amount  may  be  liberated  within  the  portal  area, 
and  yet  never  reach  the  general  blood.  On  the  other  hand,  the 
liberation  of  the  smallest  amount  of  haemoglobin  in  the  general 
blood  outside  the  liver  is  at  once  evidenced  by  its  appearance 
in  the  urine ; — a  condition  exemplified  in  disease  by  paroxysmal 
h^emoglobinuria,  the  haemoglobinuria  of  burns,  etc.  ;  experi- 
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mentally,  by  the  action  of  agents  such  as  glycerine  or  distilled 
water,  which  exert  a  direct  injurious  action  on  the  corpuscles,  as 
distinguished  from  substances,  e.g.  the  food  products,  which  in- 
fluence haemolysis  only  indirectly  through  the  activity  of  cells. 

V, — Amount. 

The  actual  amount  of  haemolysis,  that  daily  occurs,  could  only 
be  determined,  if  it  were  possible  (as  unfortunately  it  is  not),  to 
estimate  the  daily  excretion  of  bile  pigment,  and  express  this  in 
terms  of  the  haemoglobin  required  to  furnish  it.  The  fact,  how- 
ever, that  bile  pigment  is  daily  formed,  and  that  special  provision 
is  made  for  its  excretion,  may  be  taken  as  denoting  that  the 
amount  of  worn-out  haemoglobin  requiring  daily  removal  (and 
replacement)  is  no  inconsiderable  one  ;  that  is  to  say,  it  is  too 
large  to  be  met  by  such  provision  as  suffices  for  the  disposal  of 
leukocytolytic  or  plasmolytic,  e.g.  proteid,  products. 

In  any  case,  whatever  the  amount,  whether  considerable  or 
inconsiderable,  it  is  not  such  as  can  be  neglected  ;  for  it  certainly 
varies  considerably  under  the  influence  of  various  factors  even 
in  health  ;  and,  what  is  from  the  point  of  view  of  our  present 
subject  the  more  important,  it  undoubtedly  varies  still  more  in 
disease. 

/;/  Jiealth,  the  chief  factor  influencing  it  is,  I  consider,  the 
factor  of  Digestion  ;  and  as  this  necessarily  includes  all  the 
possible  variations  in  the  activity  of  that  process,  and  of  the  cells 
concerned, — connected  with  variations  in  quantity  and  quality  of 
food,  healthiness  or  otherwise  of  gastric,  pancreatic,  and  intestinal 
digestion — it  is  obvious,  that  there  are  very  wide  limits  within 
which  the  amount  of  haemolysis  may  vary.  Nor  are  the  ab- 
normal variations  due  to  the  above  causes  necessarily  always  in 
the  direction  of  increase.  On  the  contrary,  insufficient  haemolysis 
may  be,  and  in  my  opinion  often  is,  a  cause  of  ill-health.  The 
beneficial  and  remarkably  '  clarifying '  effects  of  '  cholagogues  ' 
are  by  no  means  due  simply  to  expulsion  of  bile  already  formed  ; 
but  also,  and  probably  even  more,  to  the  increased  haemolysis,  i.e. 
blood  change,  of  which  the  increased  flow  and  richness  of  bile  are 
only  the  sequels. 
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In  disease  this  factor  also  comes  into  play  ;  especially  when, 
as  already  hinted  at,  it  is  modified  by  the  gastric  and  intestinal 
disturbances  so  common  in  conditions  of  disease.  But,  in  dis- 
ease, a  factor,— even  in  health  not  altogether  wanting,  namely, 
in  connection  with  the  putrefactive  changes  in  the  intestine— 
which  affects  hcEmolysis  even  more  than  the  one  of  digestion, 
is  Infection  ;  whether  operating  through  the  blood  as  a  whole 
(general  infection)  or  operating  (by  means  of  its  products)  from 
one  particular  area,  especially  from  the  gastro-intestinal  area. 
In  the  latter  case,  its  operation  is  doubly  effective;  inasmuch 
as  in  addition  to  its  own  direct  effects,  it  also  acts  indirectly, 
by  perverting  the  normal  processes  of  gastric  or  intestinal 
digestion. 

The  influence  of  iftfection  on  hcEmolysis  is  manifested  in  a 
large  number  of  infective  diseases, — in  the  general  anaemia  which 
so  commonly  accompanies,  in  greater  or  less  degree,  such  infec- 
tions. In  the  great  majority  of  cases,  however,  the  influence  on 
haemolysis  is  only  one  part  of  the  general,  and  in  most  cases  far 
more  important  influences — bactericidal,  immunizing,  antitoxic, 
agglutinating,  and  the  like — exerted  on  the  blood  by  infective 
agents. 

It  is  only  in  certain  cases  that  the  influence  is  specially  haemo- 
lytic,  i.e.  globulicidal.  In  such  cases,  the  blood-changes  assume 
a  special  character,  and  usually  a  special  degree  of  intensity. 
The  most  striking  instance  of  this  influence  is  shown  in  malaria, 
by  the  actual  presence  in  the  red  corpuscles  of  the  spores  of 
the  disease.  But  these  cases  are  the  exception.  It  is  not 
by  direct  action  of  infective  agents  on  the  blood,  that  haemo- 
lysis is  usually  affected ;  but  indirectly  by  the  absorption  and 
action  of  the  poisons  produced.  Even  in  the  latter  case,  the 
poisons  do  not  all  operate  in  like  manner.  Some  (a  very  few) 
appear  to  have  an  action  analogous  to  that  of  distilled  water, 
so  immediate  and  direct  is  it.  The  result  is  then  necessarily 
haemoglobinuria  ;  since  the  destruction  is  not  confined  to  the 
portal  area,  but  affects  the  blood  corpuscles  wherever  they  are 
brought  into  contact  with  the  toxic  agent.  Examples  of  such  a 
condition  are  afforded  by  paroxysmal  haemoglobinuria,  and  the 
various  conditions  characterized  by  this  symptom.  Some  cases 
of  malaria  also  exemplify  this  mode  of  action. 
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In  most  cases,  however,  the  haemolytic  action  of  these  toxins 
is,  as  in  health,  indh-ect ;  that  is  to  say,  they  induce  haemolysis 
indirectly,  by  influencing  the  activity  of  the  cells  in  closest  relation 
to  the  blood.  And  hence  their  haemolytic  action  is  confined,  as 
in  health,  to  the  portal  area;  and  it  is  unattended  with  any  haemo- 
globinuria.  This  mode  of  action  is  exemplified  by  all  those 
classes  of  infective  disease  in  which  there  is  evidence  of  increased 
haemolysis  without  any  accompanying  haemoglobinuria. 

It  is,  however,  most  typically  exemplified,  in  my  judgment, 
by  the  disease  which  forms  the  subject  of  these  studies — 
pernicious  anaemia.  In  no  disease,  according  to  my  observations, 
does  such  a  degree  of  haemolysis  occur ;  in  no  disease  are  its 
evidences  so  numerous  or  so  marked,  whether  regard  be  had  to 
the  degree  of  anaemia  resulting,  the  character  and  amount  of  the 
biliary  or  urinary  pigments  or  the  anatomical  changes  (pigment 
accumulation)  found  post-mortem. 

What  its  special  characters  are  it  will  be  the  purpose  of  the 
next  chapter  to  consider. 

VI. — Relation  to  Blood  Formation. 

One  point  only  remains  to  be  considered,  in  connection  with 
this  general  survey  of  haemolysis  as  a  whole,  —  namely,  the 
relation  of  this  process  to  the  supplementary  process  of  haemo- 
genesis.  This  has  already  been  touched  on  incidentally,  in 
connection  with  the  sites  in  which  haemolysis  occurs.  It  has 
been  seen,  that  the  sites  of  the  two  processes  correspond  ; 
and  no  evidence  has  been  forthcoming  in  these  studies  to  in- 
dicate the  wide  separation  between  them  that  is  often  spoken  of. 

The  fact  that  haemolysis  and  haemogenesis  should  occur  in 
one  and  the  same  organ  {e.g.  the  spleen),  is  often  spoken  of  as 
if  it  involved  a  contradiction  in  terms ;  as  if  it  were  utterly 
impossible  that  within  one  organ  processes  so  different  should 
go  on.  In  reality,  properly  regarded,  this  involves  no  greater 
contradiction  in  terms  than  the  fundamental  law  regulating  all 
cell  growth,  namely,  that  building  up  is  always  accompanied  by 
breaking  down.  The  material  of  no  use  to  one  cell  may  be 
utilized  by  the  cell  adjacent;  so  the  worn-out  haemoglobin  set 
free  from  a  red  corpuscle  within  the  spleen  may  quite  well  be 
utilized  at  once  by  the  cells  adjacent. 
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And  this,  in  my  judgment,  is  probably  what  occurs.  To 
adopt  any  other  view  would  be  to  imply  a  useless  waste  of 
time  and  energy  on  the  part  of  the  economy, — of  which,  one  may 
be  certain,  on  d  priori  grounds  alone,  that  it  is  quite  guiltless. 
For  it  would  imply  that  a  material  so  valuable  for  blood 
formation  as  iron,  when  perchance  set  free  in  the  spleen, 
was  forthwith  transported  to  the  liver  and  got  rid  of;  while 
at  the  very  time  a  corresponding  amount  of  iron  was  urgently 
necessary  to  replace  it.  It  may  be  taken  as  certain  that  no  such 
waste  occurs.  On  the  contrary,  it  is  much  more  likely  that  a 
very  considerable,  if  not  the  greater,  part  of  the  haemoglobin 
set  free  from  individual  corpuscles  during  digestion,  is  again 
iininediately  utilized  for  purposes  of  blood  formation,  without 
ever  reaching  the  stage  of  blood  pigment,  still  less  of  bile 
pigment. 

This  conclusion  involves  the  consideration  of  another 
point  of  importance,  namely,  the  fate  of  the  iron  set  free,  not 
within  an  enclosed  organ  like  the  spleen,  but  within  an  excre- 
tory organ  like  the  liver. 

That  iron  is  necessary  for  the  proper  discharge  of  the  varied 
functions  of  the  liver  cell  may  be  taken  for  granted — so  constant 
a  constituent  is  it  of  the  protoplasm  of  this  cell,  as  indeed  of 
most  cells.  And  this  proportion  of  iron  in  the  liver  undergoes 
a  periodic  increase  during  digestion,  as  shewn  by  Professor 
Delepine ;  an  increase  so  marked,  that  he  has  proposed  to 
distinguish  the  process  by  a  special  name,  viz.,  as  an  evidence, 
of  a  'ferrogenic  function '  of  the  liver,  analogous  to  its  glyco- 
genic function.  What  the  further  fate  of  this  iron  is,  apart  from 
its  use  to  the  liver  cell  itself,  is  not  clear.  A  certain  amount  is 
daily  excreted  in  the  bile.  And  this  small  amount  probably 
suffices  in  health  to  maintain  an  amount  within  the  liver  cell 
just  sufficient  for  its  own  purposes. 

In  disease,  however,  in  which  haemolysis  is  greatly  increased, 
— notably  in  pernicious  anaemia,  but  also  in  many  other  con- 
ditions the  amount  of  iron  and  pigment  in  the  liver  cell  is  often 
far  in  excess  of  its  requirements.  On  the  further  fate  of  this 
pigment  my  observations  throw  no  special  light,  e.g.  whether 
it  is  again  available  for  purposes  of  blood  formation  in  other 
organs  or  not. 

On  the  whole,  it  appears  to  me  most  probable,  that  once  it 
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has  passed  into  the  h'ver  cell,  the  iron  of  the  haemoglobin  is  less 
available  for  subsequent  use  for  purposes  of  blood  formation, 
than  when  stored  up  either  within  the  spleen  or  the  bone 
marrow. 

As  regards  the  fate  of  the  haemoglobin,  it  may  thus  be  said, 
that  this  varies  according  as  the  destruction  of  the  red  corpuscles 
has  been  chronic  or  acute.  Chronic  destruction  is  conducive  to  the 
storing  up  of  a  large  quantity  of  blood  pigment  within  the  body, 
chiefly  within  the  spleen  and  the  bone  marrow.  This  pigment 
contains  all  the  iron  of  the  original  haemoglobin.  Anything  that 
tends  to  render  destruction  more  acute  favours  the  removal  of  the 
haemoglobin  from  the  body  in  the  form  of  bile  pigments  ;  and 
along  with  the  bile  pigments  a  certain  proportion  of  the  iron  is 
always  excreted  in  the  bile.  The  chief  advantage  of  having  iron 
in  the  system  is,  that  it  may  afterwards  be  used  for  purposes  of 
blood  formation.  This  object  is  best  served,  when  the  iron  is 
deposited  in  the  organs  concerned  in  that  process,  namely,  the 
bone  marrow,  and  the  spleen.  The  presence  of  iron  in  large 
quantities  within  the  liver  cells,  as  in  some  forms  of  anaemia  in 
which  the  destruction  is  very  active,  does  not  serve  any  useful 
purpose.  It  is  in  process  of  excretion,  and  probably  interferes 
to  some  extent  with  the  proper  action  of  these  cells. 

In  relation  to  transfusion  of  blood,  this  point  is  of  interest. 
Transfusion  has  a  certain  haemogenic  value,  in  virtue  of  the 
presence  of  haemoglobin  in  the  form  best  suited  to  enable  its 
iron  to  be  stored  up  in  the  body.  Free  haemoglobin  introduced 
into  the  blood  is  removed  at  once  as  a  foreign  body,  mainly  by 
the  kidneys,  and  in  part  also  by  the  liver.  Haemoglobin  intro- 
duced in  the  form  of  red  corpuscles  remains  within  the  circula- 
tion, for  a  period  commensurate  with  the  life  duration  of  the 
corpuscles.  Under  favourable  conditions,  it  is  afterwards  stored 
up  in  the  spleen  and  bone  marrow,  in  the  form  of  blood  pigment. 
Little  or  none  of  it  is  then  removed  from  the  system. 


Summary. 

The  foregoing  is  a  brief  summary  of  my  results  in  relation 
to  the  subject  of  haemolysis  in  health.  The  conception  formed 
of  this  process,  it  will  be  seen,  extends  considerably  beyond 
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any  such  limited  view  of  the  process,  as  that  represented  by 
Voit's  or  Quincke's  opinion  noted  at  the  outset.  It  also 
extends  considerably  beyond  any  conception  of  this  process 
formed  by  myself  at  the  outset ;  and  that,  too,  not  only  in  one 
relation,  but  in  all  relations, — its  importance  as  a  whole,  its 
seats,  the  factors  operating  to  bring  it  about,  the  significance 
of  blood  pigment  in  relation  to  it,  and  lastly,  but  not  least,  its 
relations  to  other  processes,  especially  those  of  digestion  on  the 
one  hand,  or  the  biliary  functions  of  the  liver  on  the  other. 

I.  Function  of  the  Liver. 

As  regards  the  latter,  haemolysis  is  not  a  process  necessary 
to  subserve  the  biliary  functions  of  the  liver,  as  one  might  quite 
conceivably  have  asserted  at  the  outset ;  but,  contrariwise,  the 
biliary  functions  of  the  liver,  so  far  as  pigments  are  concerned,  are 
solely  necessary  in  order  to  subserve  haemolysis.  That  is  to  say, 
the  bile  pigments  are  not  necessary  for  any  purpose  they  serve  ; 
they  are  merely  derivatives  of  haemoglobin  which  have  to  be  got 
rid  of;  and  the  fact  that  any  such  necessity  exists  implies  a 
corresponding  necessity  for  continual  removal  of  effete  haemo- 
globin. Perhaps  in  no  respect  more  than  this  one, — the  role  of 
the  liver  in  haemolysis — are  the  conclusions  more  striking.  On 
account  of  its  biliary  functions,  this  organ  has  been  universally 
regarded,  as  not  only  a  likely  seat,  but  in  all  probability  the  most 
important  seat,  of  haemolytic  change.  On  the  contrary,  the 
facts  ascertained  shew  that  the  chief  role  of  the  liver  in 
haemolysis  is  that  of  an  excretory  organ.  It  is  not  in  it 
primarily,  nor  yet  in  it  chiefly,  that  the  actual  haemolytic  changes 
in  the  blood  are  produced.  These  are  determined  in  great  part 
before  the  portal  blood  reaches  the  liver — by  the  activity  of  the 
cells  of  the  gastro-intestinal  mucosa,  and  of  the  spleen.  The  chief 
function  of  the  liver  then  declares  itself,  namely,  to  filter  off, 
break  up,  and  either  utilize,  or  excrete,  the  various  products 
carried  to  it.  In  short,  in  this  relation  it  is  essentially  the 
excretory  organ  of  the  portal  system,  standing  to  that  system  in 
the  same  relation  as  the  kidneys  stand  to  the  general  circulation. 
The  grounds  for  this  conclusion  will  be  found  stated  in  detail.^ 

1  See  Part  VIII. 
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2.  Function  of  the  Spleen. 

While  my  results,  so  far  as  the  liver  is  concerned,  thus 
modify  our  views  regarding  the  importance  of  the  liver  as  a  seat 
of  hsemolysis,  they  serve,  in  no  less  striking  degree  to  accentuate 
the  importance  of  the  spleen  in  this  relation.  No  portion  of  the 
studies,  indeed,  in  my  judgment,  are  more  conclusive  than  the 
series — experimental,  histological,  and  chemical — throwing  light 
on  the  important  part  taken  by  the  spleen  in  haemolysis.^ 

No  organ  presents  conditions  so  favourable  to  action  on  the 
blood  as  the  spleen. 

"Its  arteries  open  directly  into  an  open  meshwork  of  channels 
devoid  of  definite  walls  from  which  the  veins  take  direct  origin. 
The  interstices  of  this  meshwork  are  filled  with  a  delicate 
lymphoid  tissue  in  which  the  various  cellular  elements  lie 
embedded."  ^ 

In  no  organ  are  the  relations  between  cells  and  blood 
so  close  or  intimate. 

If  the  blood  can  be  affected  by  cellular  activity  at  all, 
nowhere  should  this  be  more  manifest  than  in  the  spleen  ; 
where,  so  to  speak,  all  the  cells  lie  bathed  by  the  blood  stream — 
not  confined  within  capillaries  as  elsewhere.  The  remarkable 
effect  of  excision  of  the  spleen  in  materially  diminishing, 
— in  the  case  of  moderate  doses,  even  abolishing — the  haemolytic 
action  of  so  potent  a  haemolytic  agent  as  toluylendiamin,  demon- 
strates, better  than  any  other  single  fact  could  do,  how  important 
is  the  part  taken  by  the  spleen  in  this  action.^ 

As  evidenced,  indeed,  to  the  naked  eye,  no  organ  is  more 
strikingly  or  immediately  affected  by  haemolytic  agents  than 
the  spleen.  Within  less  than  half  a  minute  after  their  injection 
into  the  blood,  it  can  be  seen  to  become  greatly  enlarged,  and 
engorged  with  dark  venous  blood  (see  p.  377). 

3.  Portal  Area  as  the  Seat  of  HcEinolysis. 

Of  the  various  conclusions  arrived  at,  however,  the  one  that 
at  once  proved  the  most  difficult,  took  the  longest  time  to  reach 

1  See  Tart  VIII. 

Von  Wittich,  Hermanns  Handlmch  da-  Physiologic,  Bd.  vii.  345. 
3  Vide  Part  VIII.,  Chapter  XXXVI. 
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(three  years),  and  ultimately  proved  to  be  the  most  important,  is 
the  one  regarding  the  distinction  between  the  portal  blood  and 
the  general  blood  as  seats  of  haemolysis.  It  was  led  up  to  by  no 
one  observation  in  particular,  unless  perhaps  the  remarkable 
effect  of  excision  of  the  spleen  ;  but,  once  reached,  all  the  other 
facts  and  observations — many  of  them  up  to  that  time  apparently 
of  doubtful  importance — seemed  at  once  to  fall  into  line  with  it, 
both  supporting  it,  and  being  themselves  explained  by  it. 

Up  to  the  time  it  was  reached,  the  main  difficulty  was  to 
account  for  the  remarkably  varying  distribution  of  pigment 
betwixt  various  organs  often  seen,  notably  betwixt  the  liver  and 
the  spleen  ;  sometimes  the  spleen  {e.g.  after  transfusion),  at  other 
times  the  liver  {e.g.  pernicious  anaemia),  being,  as  judged  by  the 
evidences  of  haemolysis  discoverable  in  either,  the  chief,  or  even 
the  exclusive,  seat  of  the  preceding  destruction.  Hence  the 
working  hypothesis  on  which  the  experiments  were,  for  the  most 
part,  originally  based, — namely,  that  sometimes  the  one,  some- 
times the  other,  took  the  chief  part  in  haemolysis  ;  and  that  ex- 
cessive haemolysis  in  one  or  other  probably  indicated  morbid 
activity  on  the  part  of  that  particular  organ  (see  p.  74). 

When  the  conclusion  above  referred  to  was  ultimately 
reached,  namely,  that  the  portal  blood  as  a  whole  was  the  seat 
of  haemolysis,  attention  was  for  the  first  time  directed  to  the 
gastro-intestinal  area,  and  the  possible  influence  of  the  whole 
series  of  factors  operating  in  connection  therewith — to  which 
attention  has  already  been  drawn  (p.  140). 

The  influence  of  this  conclusion  extended,  moreover,  beyond 
the  limits  of  health,  namely,  to  the  facts  connected  with 
haemolysis  in  disease.  In  particular,  it  threw  another  and  en- 
tirely new  light  upon,  and  originated  fresh  studies  regarding,  the 
nature  of  the  haemolysis  in  pernicious  anaemia,  and  the  possible 
significance  of  gastro-intestinal  symptoms  and  lesions  in  connec- 
tion therewith,— studies  whose  results  will  be  presently  seen. 

In  the  light  of  the  development  the  subject  has  since  under- 
gone, it  is  desirable  to  accentuate  the  sequence  of  events  above 
related.  The  fact  established  by  these  studies  that  hcemolysis 
is  a  process  confined  mainly  or  entirely  to  the  portal  area  has 
passed  into  general  knowledge,  and  gained  general  acceptance. 
The  natural  corollary  of  this,  also  established  by  these  studies 


148 


PERNICIOUS  AN/EMIA. 


that  gastro-intestinal  processes  play  an  important  part  in 
determining  these  hemolytic  changes,  has  also  been  generally 
accepted  ;  and  finally,  the  further  corollary,  no  less  natural,  that 
these  processes  may  play  a  no  less  important  part  in  the 
haemolysis  of  disease,  and  that  hence  a  new  significance  is  to  be 
attached  to  any  symptoms  pointing  to  disorders  connected  with 
this  particular  tract,  has  likewise  received  fair  recognition. 

In  appraising,  however,  the  proper  value  to  be  attached, — 
in  my  opinion  rightly  so — to  conclusions  of  this  latter  kind,  it 
is  desirable  to  keep  in  mind  the  true  sequence  of  events  as 
above  related, — a  matter  in  some  danger,  to  judge  from  certain 
criticisms  to  which  my  conclusions  have  been  subjected,  of  being 
overlooked.  That  is  to  say,  it  was  not  the  prominence  or 
character  of  symptoms  of  gastro-intestinal  disturbances  per  se 
that  suggested  : — 

(1)  The  portal  blood  as  likely  to  be  specially  affected,  by 
any  destructive  action  that  such  processes  might  exert  upon 
the  blood  ;  and  consequently, 

(2)  The  liver  as  the  most  likely  organ  to  shew  evidences  of 
this  increased  haemolysis  in  the  shape  of  pigment. 

On  the  contrary,  the  facts  were  arrived  at  in  the  reverse  order. 
It  was  the  detailed  studies  regarding  the  significance  of  blood 
pigment,  and  the  nature  and  seats  of  haemolysis,  that  first 
pointed  to  the  portal  area  as  the  chief  seat  of  this  process ;  and 
it  was  this  latter  observation,  that  for  the  first  time  brought  into 
discussion  the  probable  importance  and  significance  of  gastro- 
intestinal processes  in  producing  it. 

In  other  words,  the  pathological  facts  were  not  ascertained 
by  the  help  of  a  preceding  clinical  hypothesis  regarding  the 
possible  importance  of  such  gastro-intestinal  processes  ;  but  the 
importance  of  the  latter  in  relation  to  hiemolysis  was  never 
realized,  until  the  studies  here  detailed  (anatomical,  experimental 
and  chemical)  had  established  the  fact  that  the  portal  blood  was 
the  chief  seat  of  haemolysis,  and  that  the  causes  of  the  h?emolysis 
were  to  be  sought  in  connection  with  the  organs  of  the  portal 
system. 


CHAPTER  XII. 


HAEMOLYSIS  IN  PERNICIOUS  AN^SIMIA. 

I. — Not  a  Physiological  Exaggeration. 

1.  The   hsemolysis   in  pernicious   anaemia  is   no  mere 
exaggeration  of  that  which  occurs  in  health. 

After  transfusion  of  blood,  directly  or  intraperitoneally,  a 
large  excess  of  corpuscles  has  to  be  got  rid  of.  No  hsemoglobin- 
uria  occurs,  such  as  would  indicate  a  rapid  dissolution.  The 
destruction,  as  already  seen,  takes  place  gradually,  a  diminu- 
tion in  the  number  occurring  day  by  day  till  the  whole  excess 
is  removed.  The  time  taken  for  this  varied,  from  a  few  days  to 
two  to  three  weeks,  according  to  the  quantity  injected  ^  (figs 
8,  9,  10). 

Moreover,  during  this  removal  the  health  of  the  animals 
appeared  in  no  way  affected.  On  the  contrary,  the  animals 
usually  put  on  weight.  The  conditions  were,  in  short,  those  of 
health,  with  the  single  exception  of  there  being  a  large  excess 
of  corpuscles  in  the  blood  gradually  being  got  rid  of.  What 
were  the  changes  produced  in  the  various  organs  by  the  removal 
of  this  excess  ? 

The  degree  of  health  in  the  animals  experimented  on  may  be  judged 
from  the  changes  of  the  body  weight. 


Thus  Exp.  1  . 
Exp.  3  . 
Exp.  5  . 


Increase  in  Weight. 
1 2  per  cent,  in  4  weeks. 
19    „       „     3  „ 
^3    ■>■>       ))     3  11 


'  Hunter, /ournai  of  Anatomy  mid  Physiology,  vol.  xxi.  p.  139  et  seq.,  1887. 
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The  amount  of  blood  successfully  disposed  of  in  these  experiments 
without  any  apparent  disturbance  was  : 

Exp.  1  :  200  per  cent,  (as  the  result  of  four  transfusions)  in  the 
course  of  three  months.  That  is  to  say,  within  this  period,  this  animal, 
in  addition  to  its  own  normal  blood  destruction,  had  to  dispose  of  a 
surplus  equal  to  twice  the  amount  of  its  own  blood. 

Liver. — The  slightest  possible  increase  in  the  pigment  within 
the  liver  cells,  giving  the  slightest  reaction  to  ammonium  sulphide. 
None  within  the  capillaries. 

Spleen. — Pigment  very  abundant. 

Exp.  3  :  92  per  cent.,  followed  later,  in  course  of  two  months,  by 
54  per  cent. 

Liver. — Here  also  the  increase  in  pigment  in  the  Liver  was 
remarkably  slight,  just  sufificient  to  give,  with  ammonium  sulphide, 
a  slight  greenish  tint  around  lobules.  Large  amount  of  pigment 
in  Spleen. 

Exp.  5  :  70  per  cent.    Killed  thirty-eight  days  later. 

Liver. — Cells  normal  :  faint  trace  of  fine  granular  pigment  in 
portal  zone,  recognizable  by  slight  greenish  coloration  given  by 
ammonium  sulphide. 

Spleen. — Pigment  very  abundant,  giving   intense  darkening 
with  ammonium  sulphide. 

Exp.  7  :  Blood  (defibrinated)  injected  to  the  amount  of  54  per 
cent.    Killed  eight  days  later. 

Liver. — Gave  no  iron  reaction  with  ammonium  sulphide. 

Exp.  10:  50  per  cent,  of  defibrinated  blood  injected.  Killed 
forty  days  later. 

Liver. — Normal.    No  pigment. 

Spleen. — Very  large  deposit  of  pigment.  Tissue  gave  a  coal- 
black  reaction  with  sulphide  of  ammonium  and  deepest  Prussian  blue 
reaction  of  iron.    (See  Plate  VII.,  fig.  i.) 

The  result  of  the  destruction  was  a  large  increase  of  pigment 
in  certain  organs,  invariably  most  abundant  in  the  Spleen 
(Plate  VII.),  the  Liver  in  contrast  containing  relatively  little,  and 
sometimes  shewing  no  increase  at  all.  The  distribution  of  the 
pigment  betwixt  spleen  and  liver  was  thus  precisely  the  reverse 
of  that  obtaining  in  pernicious  anaemia.  The  increase  in  the 
spleen  as  compared  with  that  of  the  liver  was  as  striking  and 
notable  as  is  the  reverse  in  pernicious  ansemia. 

In  short,  I  found  it  impossible,  by  transfusion  of  even  the 
largest  quantities  of  blood,  to  reproduce  in  the  healthy  animal 
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Pig.  1. — Spleen  of  Healthy  Rabbit. 

Stained  with  alum  carmine  and  treated  with  ferro- 
cyanide  of  potassium,  and  dilute  HCl  in  order  to 
develope  Prussian  blue  reaction  of  free  iron. 
Hardly  a  trace  of  any  reaction. 


Pia.  2. — Spleen  of  Rabbit. 

Stained  and  treated  as  above.    Showing  very  con- 
siderable excess  of  blood  pigment  giving  Prussian 
blue  reaction.  (After  hfemolysis  induced  by  injec- 
tion of  phosphate  of  soda  into  the  blood.) 


Fio.  3.— Spleen  of  Rabbit. 

Stained  as  above.    Showing  extraordinary  excess 
of  blood  pigment.   (Exp.  10  after  transfusion  of 
blood.     The  liver  in  this  case  contained  no 
pigment.) 


PLATE  VII. 
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the  peculiar  distribution  of  pigment  betwixt  liver  and  spleen 
characteristic  of  pernicious  anaemia.  And  inasmuch  as  the 
conditions  existing  in  the  experiments  were  as  nearly  as  possible 
those  of  health,  and  the  increase  of  corpuscles  was  got  rid  of  in 
a  normal  way,  the  conclusion  I  arrive  at  is  that : 

The  blood  destructmt  of  pernicious  ancemia  is  not  simply  an 
exaggeration  of  that  which  goes  on  in  health,  but  differs  from  this 
in  some  essential  respect. 

n._NoT  THE  Result  of  Extravasations. 

2.  The  haemolysis  of  pernicious  anaemia  differs  from  that 
which  results  from  absorption  of  extravasated  blood. 

The  transfusion  experiments  referred  to  above  were  under- 
taken, in  the  first  instance,  in  order  to  ascertain  whether  excess 
of  pigment  in  the  liver  could  be  produced  by  absorption  of  large 
extravasations ;  they  were  subsequently  continued  with  special 
reference  to  pernicious  anaemia,  to  ascertain  whether  not 
merely  an  increase,  but  a  similar  distribution  of  the  pigment 
betwixt  liver  and  spleen,  could  be  caused  by  absorption  of  large 
extravasations  of  blood. 

It  will  be  seen  from  the  figures  quoted  above,  that  it  would 
be  difficult  to  test  the  influence  of  extravasation  in  this  relation 
more  severely  than  was  done  in  these  experiments.  Both 
animals  being  anaesthetized,  the  whole  of  the  blood  of  the  one 
(either  pure  or  after  defibrination)  was  transfused  into  the  peri- 
toneal cavity  of  the  other.  The  quantities  injected  at  one  time 
varied  from  32  to  as  much  as  92  per  cent,  of  the  total  quantity 
of  blood  estimated  to  be  in  the  animal's  own  body.  Moreover, 
the  transfusions  were  in  some  cases  repeated — in  one  case  no 
fewer  than  four  times. 

Distribution  of  Pigment  betzveen  Liver  and  Spleen  after 
Absorption  of  Extravasated  Blood. 

The  results  were  not  those  that  I  had  expected. 

I  had  thought  in  this  way  to  produce  a  large  excess  of 
pigment  in  the  liver.  On  the  contrary,  the  increase  was  never 
more  than  slight,  sometimes  non-existent  {Exp.  10),  even  in 
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cases  in  which  such  enormous  quantities  of  blood  had  been 
injected  as 

200  per  cent,  in  three  months  {Exp.  i)  ; 
92  per  cent,  followed  by  a  subsequent  injection  of  54  per 

cent  {Exp.  3) ; 
50  per  cent,  of  defibrinated  blood  {Exp.  10). 

In  the  last  case,  indeed,  there  was  no  increase  at  all ;  and  in 
none  of  the  experiments  did  the  appearances  presented  by  the 
liver  differ  materially  from  those  found  in  health.  Nor  was  the 
result  affected  by  the  length  of  time  after  the  transfusion.  The 
animals  were  killed  at  varying  intervals — two,  seven,  ten,  twenty- 
one,  thirty  days,  and  up  to  three  months  after  the  injection. 

The  contrast  between  the  condition  produced  in  these  ex- 
periments, and  that  found  in  pernicious  ancemia,  was,  if  possible, 
even  more  notable  as  regards  the  distribution  of  pigment  be- 
tween liver  and  spleen.  For  while  the  liver  contained  little  or  no 
increase  of  pigment,  the  spleen  was  in  all  cases  packed  with  it 
— to  a  degree,  indeed,  more  striking  than  ever  obtainable  by 
any  other  method  of  inducing  excessive  blood  destruction. 

The  following  may  serve  as  a  sample  experiment : — 

(Exp.  10.)  Rabbit,  weight  4  lb.  2  oz. ;  50  com.  of  defibrin- 
ated blood  injected  into  peritoneal  cavity  (equivalent  to  about 
50  per  cent,  of  the  total  quantity  of  the  animal's  own  blood). 

Highest  increase  of  red  corpuscles  per  unit  volume  of  blood 
reached  on  third  day,  namely,  38  per  cent.  Gradual  fall  in  their 
number  till  the  normal  was  reached  on  the  twenty-third  day. 

Temperature. — Before  operation  37*2°  C.  Day  after  injection 
3 7 "2°  C.  Following  day,  3 7 "6°  C.  ;  by  which  time  animal  seemed 
in  every  way  well;  eating  as  usual.    On  fourth  day,  37*2°  C. 

After  death  (killed  on  thirtieth  day)  no  trace  of  peritonitis. 

Liver  absolutely  normal,  shewing  not  the  slighest  increase  of  pig- 
ment, not  even  sufficient  to  give  any  darkening  with  sulphide  of 
ammonium. 

Spleen,  on  the  other  hand,  packed  with  pigment,  becoming  coal- 
black  in  that  reagent  and  deep  blue  with  the  Prussian  blue  test, — 
iron  reaction  (Plate  VII.,  fig.  i). 

The  results  of  these  experiments  appear  to  me  to  prove, 
that,  apart  from  other  factors,  extravasation  of  blood  per  se 
cannot  be  held  responsible  either  for  the  excess  of  pigment  in 
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the  liver  or  for  its  characteristic  distribution  between  liver  and 
spleen,  in  pernicious  anaemia. 

Dr.  Stockman  s  Views. — A  contrary  view  has  been  put  forward, 
and  ably  advocated  by  Dr.  Stockman,  of  Edinburgh  (1895);^ 
and  inasmuch  as  it  constitutes  a  sort  of  compromise  between 
the  view  which  regards  pernicious  anaemia  as  an  essentially 
haemolytic  (destructive)  variety  of  anaemia,  and  that  which 
regards  it  only  as  an  extreme  form  of  anaemia,  his  view  calls 
for  special  notice. 

Dr.  Stockman  in  his  studies  of  anaemia  has  been  greatly 
impressed  by  the  frequent  mention  of  bleedings  and  extravasa- 
tions of  blood  in  the  variety  of  anaemia  we  term  pernicious  ; 
and  he  has  come  to  the  conclusion,  that  it  is  the  occurrence 
of  such  extravasations  that  constitutes  the  difference  between 
ordinary  severe  anaemia  and  pernicious  anaemia. 

The  latter,  in  his  view,  is  not  a  special  form  of  anaemia. 
The  large  quantity  of  pigment  found  in  various  organs,  espe- 
cially the  liver,  is  not,  he  considers,  an  evidence  of  a  special 
haemolytic  process,  but  is  merely  the  result  of  absorption  of 
blood  from  a  host  of  minute  extravasations  occurring  from  time 
to  time  in  various  parts  of  the  body.  In  support  of  this  view, 
he  finds  that  an  increase  of  pigment  in  the  liver  can  be  produced 
by  injecting  blood  subcutaneously  into  rabbits. 

A  criticism  of  this  view  appears  to  divide  itself  under  two 
heads. 

(1)  Do  extravasations  occur  with  the  frequency,  or  to  the 
extent,  which  is  here  assumed  ? 

(2)  Can  the  typical  pigment  changes  found  in  the  liver, 
spleen,  and  kidney,  in  pernicious  anaemia,  be  caused  by  absorption 
of  extravasated  blood  ? 

Frequency  of  Extravasations.— T^vq  first  question  it  is  not 
proposed  to  discuss  at  any  length;  for  this  reason,  that  the 
answer  to  it  must  naturally  be  determined  by  actual  individual 
experience.  I  can  only  say  that  my  own  personal  experience 
is  entirely  opposed  to  the  view  that  the  extravasations  met 
with  in  pernicious  anaemia  are  either  of  the  frequency,  or  the 
importance,  that  such  a  theory  presupposes. 

^  Brit.  Med.  Jour.,  vol.  i.,  1895. 
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It  so  happens  that  shortly  after  the  publication  of  Dr. 
Stockman's  views,  I  had  occasion  to  make  autopsies  on  two 
cases  of  pernicious  anaemia. 

The  changes  in  liver,  kidneys,  bone  marrow,  and  spleen  were 
those  characteristic  of  the  disease.  In  one,  the  retina  shewed  a 
few  hc-emorrhages  ;  and  there  were  a  considerable  number  of 
punctiform  haemorrhages  in  the  subdural  arachnoid,  especially 
over  the  right  hemisphere.  At  one  part,  there  was  a  small 
collection  of  sero-gelatinous  fluid  over  the  right  frontal  lobe. 
Elsewhere  in  the  body,  after  most  careful  search,  not  the 
slightest  evidence  or  sign  of  extravasation,  small  or  great,  could 
be  found. 

It  is  well  known,  that  punctiform  haemorrhages  are  not 
uncommon  in  the  retina  and  subdural  arachnoid,  in  the  disease, 
as  in  one  of  the  above  cases.  That  a  degree  of  extravasation 
such  as  had  here  occurred  was  capable  of  inducing  the 
great  increase  of  pigment  in  the  liver  and  kidney,  found 
in  that  case,  is,  however,  in  my  view,  quite  out  of  the 
question. 

Percentage  of  Iron  in  Organs.^ 

Pernicious  Antemia.  Liver.         Spleen.  Kidney. 

Case  I  (subdural  haemorrhages),   .       .    0*207  0*097  o'o68 

Case  2  (no  subdural  hcemorrhages),      .    0"5I5  0*023  0*043 

For  comparison,  an  analysis  made  at  the  same  time  from  a 
case  of  ordinary  severe  anaemia  is  appended. 

Severe  Anjemia.  Liver.         Spleen.  Kidney. 

Case  3,'*^       .       .       .    0*093         0*029  0*004 

Dr.  Stockman  admits  that  in  some  cases  no  haemorrhages  at 
all  are  to  be  found  ;  and  he  accounts  for  this  by  assuming  that 
the  blood  has  been  very  quickly  absorbed,  leaving  no  trace 
behind.  Even  if  such  were  the  case,  evidence  of  this  absorption 
would,  it  is  reasonable  to  suppose,  be  found  in  the  glands  through 
which  the  blood  had  been  absorbed. 

1  The  author  is  indebted  to  Mr.  Richards,  of  the  Chemical  Laboratory  of  Charing 
Cross  Hospital,  for  kindly  undertaking  these  analyses. 

2  AH  three  cases  were  under  Dr.  Abercrombie's  care,  Charing  Cross  Hospital. 
Case  3  was  a  woman  who  presented  during  life  various  motor  and  sensory  disturbances 
in  the  lower  limbs,  and  died  with  cystitis  and  acute  bedsores, 
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In  the  experiments  referred  to,  in  which  large  intraperitoneal 
extravasations  were  caused,  a  large  quantity  of  pigment  was 
invariably  found  in  the  lymphatic  glands  through  which  the 
blood  had  been  absorbed  (Plate  V.,  fig.  2).  I  have  found  no 
such  changes  in  the  mesenteric  lymphatic  glands  in  pernicious 
anjEmia,  although  I  have  specially  looked  for  them. 

Summary. — (i)  Extravasations  in  pernicious  anaemia  are 
not  of  the  frequency  or  the  magnitude  to  be  themselves  the 
cause  of  this  variety  of  anaemia.  They  are  not  infrequently 
entirely  absent. 

(2)  No  evidences  of  such  extravasations  are  to  be  found  in  the 
lymphatic  glands,  through  which  the  blood  must  necessarily 
have  been  absorbed. 

(3)  The  characteristic  pigment  changes  in  liver,  kidney,  and 
spleen  in  pernicious  anaemia,  and  the  no  less  characteristic  dis- 
tribution of  pigment  between  these  organs,  cannot  be  produced 
by  absorption  of  extravasated  blood,  however  large  in  quantity. 

(4)  The  conclusion  must  be  permitted,  that  this  form  of  anaemia 
does  not  owe  its  peculiar  pathological  features  to  the  occurrence 
of  extravasation.  Both  pathological  and  experimental  data  are 
in  my  experience  quite  opposed  to  such  a  view. 

Nor  is  the  blood  destruction  of  pernicious  anaemia  such  as 
is  met  with  in  two  other  conditions — malaria  and  paroxysmal 
hcEmoglohinuria,  —  of  which  excessive  blood  destruction  are 
likewise  important  pathological  features. 


HI. — Differences  between  it  and  Malaria. 

3.  The  excessive  hjemolysis  of  pernicious  ansemia  differs 
in  important  respects  from  that  which  occurs  in  malaria. 

It  is  not  rt;  disease  of  the  individual  corpiiscle,  with  subse- 
quent accumulation  of  pigment — chiefly  in  the  capillaries  of 
the  liver,  in  the  spleen,  and  perivascular  lymphatics  generally, 
to  a  subsidiary  extent  also  in  the  liver  cells, — such  as  one 
meets  with  in  malaria.  On  the  contrary,  its  chief  feature  is 
a  disintegration  of  the  corpuscles  with  liberation  of  their 
haemoglobin,— with  subsequent  accumulation  of  pigment 
chiefly  in  the  liver  cells,  to  a  subsidiary  extent  in  the 
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capillaries  of  the  liver,  and  only  to  the  slightest  extent  in 
the  spleen. 

That  an  increased  destruction  of  corpuscles  occurs  in  malaria 
is  evidenced  by  the  quantity  of  pigment  found  in  various  organs 
of  the  body  in  that  disease.  This  destruction  is  the  result  of 
actual  morbid  changes  in  the  red  corpuscles  themselves.^  The 
nature  of  this  morbid  change  does  not  at  present  concern  us. 
The  result  is,  that  while  still  circulating  in  the  blood  many  of  the 
red  corpuscles  present  evidence  of  diminished  vitality,  and  gradu- 
ally become  effete.  Their  fate  is  that  of  all  other  effete  pig- 
ment particles  circulating  in  the  blood.^  They  are  taken  up  by 
the  leucocytes,  and  carried  to  various  organs  of  the  body,  notably 
the  liver  and  spleen,  w^here  they  become  ultimately  stored  up. 
In  the  liver,  this  pigment  is  often  found  very  abundant,  especially 
within  the  capillaries^  enclosed  in  leucocytes,  much  of  it  present- 
ing the  general  characters  of  pigment  arising  from  chronic 
haemocytolysis.^  Sometimes,  pigment  is  also  found  in  the  liver 
cells,  in  which  case  its  character  differs  from  that  above  described, 
and  is  that  of  pigment  arising  from  acute  haemocytolysis.*  In 
all  cases,  it  is  also  found  abundantly  in  the  spleen  (Plate  VIII.). 

In  pernicious  ancsmia,  on  the  other  hand,  the  liver  is  in- 
variably the  chief,  sometimes  the  sole,  seat  of  the  pigment 
accumulation  which  occurs.  As  has  been  seen,  the  spleen 
sometimes  contains  little  or  none.  Further,  within  the  liver, 
the  pigment  is  generally  most  abundant,  not  within  the  capillaries 
as  in  malaria,  but  within  the  liver  cells  themselves.  In  some 
cases,  moreover,  I  have  found  the  pigment  within  the  liver 
cells,  and  there  alone,  none  being  present  in  the  surrounding 
capillaries  (Plates  II.  and  III.). 

In  all  cases  the  pigment  has  the  characters  of  that  derived 
from  acute  haemocytolysis.^ 

Source  of  the  Pigment  within  the  Liver  Cells. — This  peculiar 
distribution  of  the  pigment  granules  in  pernicious  anaemia  has 
been  held  by  Quincke  and  Kunkel  to  indicate  that  the  pigment 
has  been  originally  conveyed  to  the  liver  in  a  granular  form, 
probably  by  leucocytes,  and  afterwards  stored  up  within  the 
liver  cells. 

1  Marchiafava  and  Celli,  Fortschr.  d.  Med.,  i. 

2  Videpostea,  p.  i8i.  "v.  mtiea,  p.  132.  V-'^-)  P-  I35- 


PLATE  VIII. 
To  face  page  156. 


Fic.  1.— LIVER  OP  MALARIA,    x  50. 

Showing  the  abniuLance  and  irrecnlar  ilistribntion  of  pismeut.  The 
darker  masses  represent  pitjnient  lying  in  cajiillaries  around  the  lobules. 
In  addition  there  is  much  pigment  of  a  finer  character  v-itliin  the  liver  reUs. 


Kiii  -'.-  LIVER  OF  MALARIA,    x  300.   (From  same  Section  as  Fig.  L) 
Showing  the  difl'ereut  size  and  appearance  of  the  pigmenl  granules  in  the 
capillaries  and  in  the  liver  cells  re.spectively— the  pigment  particles  in  the 
capillaries  being  of  much  larger  size  than  those  in  the  liver  cells 
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I  am  unable  to  accept  this  explanation  as  to  the  source 
of  the  pigment  in  such  cases.  It  is  opposed  to  what  we 
know  of  the  fate  of  pigment  particles,  such  as  carmine  or  ultra- 
marine blue,  after  injection  into  the  blood.  My  experiments,  in 
agreement  with  those  of  Ponfick,^  shew  {v.  posted)  that,  under  such 
circumstances,  the  particles  are  never  to  be  found  within  the  liver 
cells;  they  are  taken  up  by  leucocytes,  and  deposited  in  the 
capillaries  of  the  liver,  and  in  the  spleen  (see  p.  375). 

In  pernicious  anaemia,  on  the  contrary,  I  have  sometimes 
found  the  pigment  within  the  liver  cells,  and  there  alone,  none 
being  found  in  any  other  organ,  not  even  in  the  spleen.  This 
is,  I  consider,  irreconcilable  with  the  view  that  the  pigment 
has  been  carried  in  gramdar  form  to  the  liver  by  leucocytes. 
My  observations  shew  that  the  pigment  found  within  the 
liver  cells  has  been  formed  in  situ  from  heemoglobin, — which 
has  passed  into  the  liver  cells  as  hceiiwglobin,  not  as  granular 
pigment.  No  evidence  that  the  red  corpuscles  themselves 
pass  into  the  liver  cells  could  ever  be  found,  although  I  carefully 
sought  for  it.  Whatever  haemocytolysis  occurs  within  the  liver, 
takes  place  within  the  capillaries.  It  is  only  their  haemoglobin 
which  passes  into  the  liver  cells  themselves. 

These  various  considerations  involve,  therefore,  the  conclusion 
already  expressed  ;  that  the  antecedent  haemolysis  in  the  two 
conditions — malaria  and  pernicious  anaemia — must  differ  in  some 
essential  particular  ;  more  especially,  that  in  the  latter,  as  shewn 
by  the  character  and  situation  of  the  pigment,  an  actual  disin- 
tegration of  the  red  corpuscles  is  one  of  the  special  features  of  the 
hzemolysis. 

In  other  words,  it  involves  a  hcemoglobinmmia  in  the  sense 
I  have  already  defined  (p.  136). 

^  "  Studien  iiber  die  Schicksale  korniger  Farbstoffe  im  Organisms,"  Virch.  Archiv, 
Bd.  xlviii.,  1869,  P- 
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IV. — Differences  between  it  and  Paroxysmal 

HEMOGLOBINURIA. 

4.  The  haemolysis  in  pernicious  anaemia,  although  involving 
a  haemoglobinaemia,  differs  in  important  respects  from  that 
met  with  in  paroxysmal  hsemoglobinuria,  and  other  similar 
conditions  of  which  hsemoglobinuria  is  a  marked  feature. 

In  Paroxysuial  hcEinoglobiimria,  and  other  conditions  charac- 
terized by  haemoglobinuria,  the  destruction  of  blood  corpuscles  is 
excessive  while  it  lasts.  This  is  evidenced  by  the  large  quantity 
of  haemoglobin  excreted  by  the  kidneys  during  the  attack. 
This  destruction  of  corpuscles  is  only  of  short  duration.  In  this 
respect  it  differs  markedly  from  that  occurring  in  pernicious 
anaemia. 

This  is,  however,  by  no  means  the  chief  difference  between 
these  two  diseases.  In  pernicious  anaemia,  haemoglobinuria 
does  not  occur,  notwithstanding  that  the  actual  amount  of  blood 
destruction  during  the  progress  of  the  disease — as  judged  from 
the  anaemia  during  life  and  the  evidence  of  blood  destruction 
after  death — is  probably  greater  than  that  met  with  in  any  other 
disease. 

The  absence  of  hsemoglobinuria  might  conceivably  be  due  to 
the  fact,  that,  while  in  paroxysmal  haemoglobinuria  the  destruc- 
tion is  rapid,  in  pernicious  anaemia  it  is  more  gradual,  never 
equalling  in  amount  at  any  one  time  that  met  with  in  the  former 
disease. 

Its  absence  cannot,  however,  be  accounted  for  on  these 
grounds  alone.    It  is  true  that  pernicious  anaemia  is  a  chronic 
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disease.  It  is  also  true,  however,  that  its  progress  is  often 
marked  by  exacerbations  more  or  less  acute.^  in  which,  as 
evidenced  by  the  diminution  of  the  number  of  corpuscles — 
e.g.  a  diminution  of  1,000,000  per  c.mm.  in  the  course  of  a  few 
days — as  great  a  destruction  of  blood  probably  occurs  as  in 
certain  attacks  of  paroxysmal  haemoglobinuria.^  Nevertheless, 
pernicious  anaemia  is  not  attended  by  heemoglobinuria.  Even 
during  the  severest  exacerbations,  I  have  never  found  free 
haemoglobin  in  the  urine  in  a  form  recognizable  by  ordinary 
tests,  chemical  or  spectroscopic.^ 

How,  then,  account  for  the  presence  of  pigment  in  the  kidney 
in  many  cases  of  pernicious  anaemia,  possessing  the  characters  of 
ordinary  blood  pigment,  and  giving  the  reaction  of  free  iron  ? 
It  is  undoubtedly  an  evidence  that  haemoglobin  in  some  form 
or  other  has  been  excreted  through  the  kidneys.  Why,  then,  is 
it  not  recognizable  in  the  urine  by  the  ordinary  tests  ? 

According  to  Ponfick,^  whose  studies  on  this  subject  have 
been  so  important,  the  occurrence  of  haemoglobinuria  is  simply  a 
question  of  quantity.  Haemoglobinuria  occurs  when  the  quantity 
of  free  haemoglobin  exceeds  the  sixtieth  part  of  the  whole 
of  the  haemoglobin  contained  in  the  body.  When  haemoglobin 
appears  in  the  urine,  it  is  as  an  indication  that  the  amount  set  free 
in  the  blood  is  greater  than  can  be  disposed  of  by  the  liver  and 
other  organs  of  the  body.  The  presence  or  absence  of  haemo- 
globin in  the  urine  is  thus,  according  to  this  view,  simply  dependent 
on  the  quantity  of  haemoglobin  free  in  the  circulation. 

How  are  we,  on  this  view,  to  explain  the  differences  in  this 
respect  in  the  two  diseases — pernicious  anaemia  and  paroxysmal 
haemoglobinuria  ? 

1  See  Case. 

2  See  Dr.  Bristowe's  and  Dr.  Copeinan's  observations, /(?j/6'«,  p.  162. 

^  Since  the  above  statement  was  made,  I  have  met  with  one  case  which  possibly 
was  an  exception  ;  a  case  of  a  man,  aged  25,  seen  with  Dr.  Glover  of  Highgate  (1898), 
profoundly  ansemic  (red  corpuscles  22  per  cent.,  haemoglobin  15  per  cent.),  who  died 
nine  months  later  (red  corpuscles  15  per  cent.,  haemoglobin  11  per  cent.),  with  all 
the  features  of  pernicious  aneemia.  Mis  illness  had  commenced  four  years  before  with 
an  attack  of  hemoglobinuria  ;  subsequent  attacks  occurred  at  intervals  of  about  six 
months  ;  and  he  had  at  least  two  attacks  during  the  last  six  months.  No  post-mortem 
examination  could  be  obtained  ;  so  that  it  could  not  be  ascertained,  as  could  most 
definitely  have  been  done  by  the  condition  of  the  liver  with  regard  to  pigment,  whether 
the  anremia  was  due  simply  to  loss  of  blood,  or  to  excessive  hemolysis. 

*  "  Ueber  Hsemoglobinurie,"  Berl.  klin.  IVoch.,  1883,  No.  xxv. 


i6o 


PERNICIOUS  ANEMIA. 


In  pernicious  anaemia,  for  the  reasons  already  stated,  the 
pigment  in  the  liver  cells  is  formed  in  situ  from  haemoglobin 
which  has  been  set  free  from  red  corpuscles  within  some  part 
of  the  circulation.  In  pernicious  anaemia,  therefore,  some 
degree  of  Jiccinoglobincemia — this  term  being  used  in  the  widest 
sense  as  applicable  to  the  condition  in  which  haemoglobin  is  set 
free  into  the  blood  if  only  from  one  individual  corpuscle — must  at 
times  exist.  The  condition  resembles,  then,  to  some  extent  that 
present  in  paroxysmal  ha^moglobinuria.  In  both,  haemoglobin 
is  set  free  from  the  corpuscle;  but  while  in  the  latter  the 
haemoglobin  is  at  once  excreted,  and  appears  in  the  urine,  in 
pernicious  anaemia  haemoglobinuria  is  absent.  How  account  for 
this,  on  the  above  view  that  haemoglobinuria  is  merely  a  question 
of  the  quantity  of  haemoglobin  free  in  the  blood  ? 

The  occurrence  of  haemoglobinuria  is,  I  find,  not  a  simple 
one  of  quantity,  as  Ponfick's  observations  might  lead  one  to 
suppose. 

(1)  Thus  I  find  that  the  injection  of  a  small  quantity  of 
glycerine  into  the  blood  of  rabbits  is  followed  by  haemo- 
globinuria, although  the  destruction  of  corpuscles  may  be  so 
slight  in  amount  that  scarcely  any  evidence  of  it  is  to  be  found, 
either  in  the  blood  or  elsewhere.    {Exp.  30,  31,  32.) 

(2)  On  the  other  hand,  the  injection  of  even  large  doses  of 
toluylendiamin  in  the  same  animals  is  most  exceptionally 
attended  by  h^Emoglobinuria,  although  the  appearances  subse- 
quently presented  by  the  liver,  spleen,  and  blood  clearly  shew 
that  a  great  destruction  of  blood  has  occurred. 

Exp.  43  :  Rabbit : 

Sept.  15. — o'5  gramme  of  toluylendiamin  of  solution  injected 
subcutaneously. 

Sept.  16. — Urine,  12  c.c,  of  a  deep  saffron  yellow  colour.  Micro- 
scopically, groups  of  round  spherical  yellow  globules  and  cast-like 
structures  of  colour  of  haemoglobin  made  up  of  fine  yellow  granules. 

Sept.  19. — o"4  gramme  toluylendiamin  (5  per  cent,  solution)  injected. 

Sept.  20. — Killed. 

Post-mortem. — Spleen  shews  an  extraordinary  increase  of  pigment. 

Bone  Marrow. — Pigment  greatly  in  excess  of  normal. 

Liver. — Great  abundance  of  fine  granular  blood  pigment  within  the 
liver  cells,  notably  within  the  cells  of  portal  zone  :  7ione  within  the 
capillaries  (Plate  IX.). 
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I  conclude,  then,  that  the  occurrence  of  hcemoglobinuria  is  not 
simply  a  question  of  amount  of  blood  destruction. 

On  the  contrary,  other  factors,  as  appears  from  my  studies, 
come  into  play — namely  : — 

(1)  The  Seat  of  the  HcEmolysis,  whether  in  the  portal  or  in  the 
general  circulation. 

(2)  The  Nature  of  the  Hcemofysis,  determining  as  this  does 
the  form  in  which  the  haemoglobin  escapes  from  the  corpuscle, 
whether  as  free  haemoglobin  or  still  in  combination  with  the 
proteids  of  the  stroma. 

And  first,  with  regard  to  the  first  -  mentioned  factor: 
(i)  HcBiHoglobinuria  depends  to  a  large  extent  on  the  seat  of  the 
preceding  hceinocytolysis,  zvhether  within  the  portal  blood,  or  in  the 
general  circulation. 

No  portion  of  my  investigation  proved  more  difficult  than 
this  particular  one — namely,  to  explain  the  extraordinarily 
varying  occurrence  or  non-occurrence  of  haemoglobinuria  in 
connection  with  increased  haemolysis  ;  its  absence,  e.g.  in  rabbits, 
notwithstanding  a  very  great  and  demonstrable  haemolysis  ;  its 
presence  when  that  haemolysis  had  been  obviously  slight. 
Ponfick's  view  was,  that  it  was  a  mere  question  of  quantity  of 
haemoglobin,  and  activity  of  the  liver  (and  other  organs)  in 
getting  rid  of  it ;  that  the  liver  was  only  able  to  dispose  of  a 
certain  amount,  and  if  this  were  exceeded,  haemoglobinuria 
necessarily  ensued.  So  long  as  these  appeared  to  be  the  chief 
factors  responsible,  no  progress  was  made.  For,  as  has  been 
just  stated,  they  were  quite  insufficient  to  explain  the  variations 
met  with.  Light  was  first  obtained,  when  I  ascertained  that 
the  portal  blood  might  be  regarded  as  exclusively  the  seat  of 
haemolysis  in  health ;  and  the  following  considerations  soon 
evolved  themselves,  explanatory  of  a  good  deal  that  had  been 
previously  obscure. 

As  already  seen,  in  all  animals  alike,  the  injection  of  even 
small  doses  of  glycerine  is  followed  by  haemoglobinuria,  although 
no  other  evidence  of  blood  destruction  may  be  found.  The 
glycerine  acts  directly  on  the  red  corpuscles  wherever  it  comes 
into  contact  with  them  in  the  general  circulation,  and  withdraws 
their  haemoglobin. 
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So  also,  in  subjects  of  paroxysmal  hcemoglobinuria,  the  mere 
dipping  of  the  fingers  for  a  short  time  in  ice-cold  water  will 
suffice  in  some  cases  to  bring  on  an  attack.  The  actual  disin- 
tegration of  the  corpuscles  is  confined  apparently  to  the  small 
portion  of  the  general  circulation  exposed  to  the  influence  of  the 
cold.i 

The  hcemoglobinuria  in  such  cases  depends,  I  consider, 
not  so  much  on  the  quantity  of  haemoglobin  set  free,  as  on  the 
fact  that  it  has  been  set  free  withm  the  general  circulation. 

Now  so  far  as  its  seat  is  concerned,  my  studies  shew  that  the 
haemolysis  of  pernicious  anaemia  resembles  that  of  health  in 
being  confined  to  the  portal  area,  and  the  organs  pouring  their 
blood  into  it.  It  does  not  occur  in  the  general  blood  as  is  the 
case  in  paroxysmal  haemoglobinuria,  the  haemoglobinuria  of 
burns,  of  glycerine  poisoning,  and  the  like. 

This  circumstance,  although,  as  will  presently  be  seen,  by 
no  means  the  only  or  even  the  chief  factor,  is  one  of  the  factors 
that  account  for  the  absence  of  haemoglobinuria  in  this  disease. 
The  liver  arrests  the  haemoglobin  as  it  passes  through.  Hence 
in  all  cases  alike,  whatever  be  their  severity,  the  one  constant 
anatomical  change  is  found  within  the  liver — namely,  excess  of 
iron,  and  blood  pigment  in  the  liver  cells.  Moreover,  this 
pigment  is  found  in  relation  to  the  portal  capillaries — namely, 
within  the  outer  two-thirds  of  the  lobule.  Evidence  of  haemo- 
lysis may  be  wanting  in  every  other  organ  of  the  body.  But 

1  "  Beitrag  zur  Lehre  von  der  paroxysmalen  Hsemoglobinurie,"  D.  Archiv  f. 
klin.  Med.,  Bd.  xxxii.,  1883,  p.  371. 

[See  on  this  point  a  very  careful  study  of  a  "  Case  of  Paroxysmal  Haemoglobinuria," 
{Med.  Soc.  Trans.,  1889),  by  Dr.  Bristowe  and  Dr.  Copeman,  published  subsequent 
to  the  above  studies. 

The  condition  consists  in  a  rapid  and  often  apparently  enormous  destruction  of  the 
red  corpuscles,  and  this  depends  on  the  direct  influence  of  cold.  On  eight  occasions 
observed,  the  loss  varied  between  129,000,  and  824,000  corpuscles  per  c.mm.,  the  de- 
struction taking  place  with  extreme  rapidity,  immediately  after  exposure  of  the  patient 
to  cold,  and  before  any  of  the  characteristic  symptoms  of  the  attack  had  revealed  itself. 
During  the  whole  time  he  was  in  hospital,  he  had  no  attacks  excepting  those  brought 
on  by  exposure  to  cold.  In  the  majority  of  cases,  the  morbid  products  found  in  the 
urine  were  haemoglobin  in  an  amorphous  form,  albumen,  and  heemoglobin  in  free 
form. 

The  conclusions  expressed  in  my  above  studies  regarding  the  relation  of  hoemo- 
globinuria  and  pernicious  anaemia,  and  the  difference  in  the  seats  of  destruction  in  the 
two  cases  are  fully  accepted  by  the  authors  as  explaining  the  differences  in  the  two 
diseases.  ] 
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in  no  case,  however  slight,  can  the  liver  escape:  the  products 
of  the  haemolysis  must  always  pass  through  it. 

(2)  The  occurrence  of  haemoglobinuria  is  in  part  dependent 
upon  the  nature  of  the  preceding  Jiccmolysis,  determining  as 
this  does  the  form  in  which  the  haemoglobin  escapes  from  the 
corpuscle. 

It  is  clear,  from  the  changes  found  in  the  kidney  in  per- 
nicious anaemia,  that  the  haimoglobin  set  free  is  not  always 
retained  within  the  confines  of  the  portal  circulation.  For  the 
pigment  found  in  the  renal  cells  is  similar  in  character  to  that 
found  within  the  liver  cells— that  is  to  say,  it  has  the  characters, 
already  described,  of  pigment  formed  from  haemoglobin  after  its 
liberation  from  the  corpuscle.^  Free  haemoglobin  has  thus  been 
excreted  through  the  kidney.    Why  no  haemoglobinuria  ? 

My  studies  shew  that  there  are  two  different  ways  in 
which  hemoglobin  may  escape  from  a  red  corpuscle  under- 
going active  disintegration  ;  and  that  this  difference  is  of 
importance  in  determining  the  subsequent  fate  of  the  haemo- 
globin set  free.  The  difference  is  one,  moreover,  that  is  mainly 
determined  by  the  nature  of  the  destructive  agent. 

{a)  Thus  as  the  result  of  the  action  of  some  agents,  e,g. 
glycerine  or  distilled  water,  the  h(Emoglobin  is  withdraivtz  from 
the  stroma  of  the  corpuscle — the  blood  is  laked.  When  in  this 
(free)  form,  the  haemoglobin  is  excreted  as  such  by  the  kidneys, 
chiefly  through  the  glomeruli — partly,  perhaps,  because  it  is  in 
a  form  not  so  easily  acted  upon  by  the  liver  cells  as  the  other 
form  presently  to  be  described  but  mainly  owing  to  the 
circumstance,  that  agents  possessing  this  action  destroy  the 
corpuscles  wherever  they  come  in  contact  with  them,  both 
in  the  general  and  the  portal  blood.  Their  action  on  the 
corpuscles  is  precisely  the  same  within  and  without  the  body. 
Their  destructive  action  is  a  direct  one,  exerted  on  the  indi- 
vidual corpuscle  in  the  general  circulation  as  much  as  in  the 
portal;  and  consequently,  however  slight  the  destruction  may 
may  be,  hsemoglobinuria  ensues. 

ib)  In  the  case  of  certain  destructive  reagents,  on  the  other 
hand,  I  find  that  the  haemoglobin,  although  set   free  from 

'  Compare  fig.  2,  Frontispiece,  and  fig.  i,  Plate  III. 
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the  corpuscle,  remaijis  still  m  combination  with  the  albuminous 
stroma  of  the  corpuscles  (see  Plate  II.).  It  oozes  out  from  the 
corpuscle  in  the  form  of  coloured  droplets.  When  in  this  form  it 
is  no  longer  excreted  as  ordinary  haemoglobin,  namely,  through 
the  glomeruli,  but  is  taken  up  and  excreted  by  the  cells  of 
the  convoluted  tubules  (fig.  2,  Frontispiece). 

This  change  in  the  character  of  the  haemoglobin  is,  I  find, 
characteristic  of  the  action  of  certain  destructive  agents,  notably 
of  toluylendiamin.  As  already  stated,  the  injection  of  even 
large  doses  of  this  drug  into  the  blood  of  rabbits  is  not 
attended  by  haemoglobinuria,  although  the  appearances  sub- 
sequently presented  by  the  liver  and  spleen  shew  that  there 
has  been  a  great  destruction  of  blood.  Although  haemoglobin 
is  not  discoverable  in  the  urine  by  the  ordinary  tests — spectro- 
scopic and  otherwise — microscopic  examination  of  the  urine 
shews  numerous  small  yellow  globules  of  varying  size  in  the 
urine,  easily  recognizable  as  products  of  blood  destruction  by  their 
bright  yellow  colour.  These  globules  are  always  spherical  in 
form  ;  and  the  larger  of  them  may,  on  cursory  examination,  be 
mistaken  for  spherical  red  corpuscles.  They  have  more  usually 
been  regarded  as  fragments  of  red  corpuscles  (Exp.  43,  p.  160). 

The  interesting  point  regarding  these  globules  of  haemo- 
globin— for  such  they  are — is  that  in  size,  form,  and  colour  they 
exactly  resemble  the  '  yellow  spherical  corpuscles ' — '  Eichhorst's 
corpuscles ' — which  have  already  been  described  as  occurring 
within  the  blood  in  pernicious  anaemia.  As  regards  size,  they 
resemble  the  granules  of  pigment  found  in  the  cells  of  the  con- 
voluted tubules  of  the  kidney  in  pernicious  anaemia. 

As  to  the  nature  and  source  of  these  yellow  globules,  the 
following  observations  appear  to  supply  a  clue.  They  show 
that  under  certain  circumstances  hcemoglobin  in  solution  can  assume 
a  corpuscular  form. 

Action  of  Toluylendiamin  on  Red  Corpuscles  i?t  vitreo. — If  a 
small  quantity  of  blood,  (5  c.mm.)  be  added  to  perfectly  neutral 
(5  per  cent.)  solution  of  toluylendiamin,  (995  c.mm.),  the  follow- 
ing changes  may  be  observed.  At  the  end  of  twelve  or  twenty- 
four  hours  the  corpuscles  have  all  disappeared.  The  solution  is 
haemoglobin  tinted,  and  clear;  and  on  microscopic  examination 
not  a  single  corpuscular  element  of  any  sort  is  to  be  found  in  it. 
After  this  time,  a  deposit  begins  to  form  at  the  bottom  of  the 


HEMOLYSIS  IN  PERNICIOUS  AN^^^MIA. 


165 


vessel;  and  on  examination,  this  is  found  to  be  made  up,  not  of 
the  original  red  corpuscles,  but  of  innumerable  spherical  bodies, 
of  deep  yellow  colour,  and  of  the  most  varying  size-— identical,  m 
fact,  in  all  respects  with  the  bodies  found  in  the  urine  after  the 
administration  of  the  drug,  (as  also  within  the  spleen).  They  are 
of  viscous  nature,  the  smaller  fusing  readily  with  one  another  to 
form  larger  bodies.  The  uniformly  spherical  form  and  deep 
yellow  colour  are,  however,  always  retained. 

If,  instead  of  blood,  a  solution  of  pure  crystalline  haemoglobin 
be  used  for  the  experiment,  no  such  bodies  are  discoverable— only 
yellow  granular  debris  similar  to  that  often  met  with  in  the  urine 
in  ordinary  hoemoglobinuria. 

In  the  former  case  the  hamoglobin  appears  to  have  retained  some 
cojnbination  ivith  the  viscous  nucleo-proteid  of  the  stroma,  which 
enables  it  to  resume  a  corpuscular  form,  even  after  it  has  been  set 
free  fro??t  the  corpuscles. 

As  will  be  afterwards  seen,  the  chief  feature  of  the  haemo- 
lytic  action  of  a  drug  like  toluylendiamin,  contrasted  with 
that  of  an  agent  like  glycerine  or  distilled  water,  is,  that  while 
the  action  of  the  latter  is  the  same  whether  within  or  without 
the  body — i.e.  a  direct  one — the  action  of  toluylendiamin  differs 
markedly  in  the  two  cases  ;  outside  the  body,  in  certain  strengths, 
it  actually  preserves  the  corpuscles,  while  inside  the  body  an 
equivalent  strength  would  occasion  most  intense  haemolysis. 
Within  the  body,  in  short,  its  action  is  not  a  direct  one 
on  the  red  corpuscles  themselves,  but  on  the  active  cells  in 
relation  to  the  blood,  especially  those  of  the  spleen,  and  only 
indirectly  through  them  on  the  blood.  Its  haemolytic  action 
can,  in  short,  be  materially  diminished,  or  altogether  abolished, 
by  previous  removal  of  the  spleen. 

I  conclude  that  a  change  of  this  nature  occurs  in  the 
haemoglobin  in  cases  of  pernicious  anaemia;  and  indeed  in 
severe  cases  the  change  in  the  corpuscles  can  be  actually  seen  in 
progress  (see  Plate  I.).  Wherever  it  is  taken  up,  whether  by 
leucocytes,  endothelial  cells,  or  cells  of  liver,  spleen,  or  kidney, 
it  assumes  the  form  of  fine  globules  within  these  cells,  a 
form  subsequently  retained  by  the  pigment  granules.^ 

As  we  have  seen,  it  is  only  in  certain  cases  that  the  kid- 
ney contains  this  pigment.  According  to  the  above  observa- 
tions, this  may  quite  well  be.     So  long  as  the  destruction  is 

^  Plate  III.,  and  fig.  2,  Frontispiece. 
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slight,  the  products  of  it  present  within  the  portal  circulation 
are  completely  disposed  of  by  the  liver  before  reaching  the 
general  circulation.  If  it  is  excessive  at  any  one  time,  the 
evidences  of  the  ha;molysis  extend  to  the  general  circulation. 
Haemoglobin  in  the  modified  form  passes  into  the  general 
circulation,  and  is  excreted,  as  above  described,  through  the 
kidneys, — not,  however,  through  the  glomeruli  as  free  haemo- 
globin, but  through  the  cells  of  the  convoluted  tubules  (see 
Frontispiece,  also  fig.  i,  p.  93). 

The  most  likely  cases,  therefore,  in  which  to  find  pigment  in 
the  kidneys  will  be  those  in  which  the  progress  of  the  disease 
has  been  marked  by  specially  severe  exacerbations,  in  which, 
therefore,  the  destruction  from  time  to  time  has  been  very  great. 
Microscopic  examination  of  the  urine  under  such  circumstances 
will  probably  reveal  the  presence  of  colouring  matter  in  the 
form  of  small  spherical  globules  similar  to  those  just  described.^ 
I  have  not  yet  had  an  opportunity  of  seeing  such  a  case.  In 
the  light  of  these  observations  I  shall  watch  for  one  with 
interest. 

^  See  poslea. 
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V. — The  Behaviour  of  the  Spleen. 

I  REGARD  these  observations  as  establishing  the  fact  that  per- 
nicious ansemia  is  due  to  an  excessive  destruction  of  blood 
occurring  in  the  portal  system.  Presumably,  therefore,  according 
to  my  observations  already  recorded,  the  spleen  plays  a  special 
part  in  the  destruction. 

How  is  this  conclusion  reconcilable  with  the  fact  that  in 
certain  cases  of  pernicious  anaemia  the  spleen  shews  little  or  no 
changes  either  to  the  naked  eye  or  upon  microscopic  examina- 
tion ?  In  some  cases  it  is  described  as  'of  small  size,'  'firm 
and  red,'  or  '  small  and  pale ' ;  while  in  others,  as  in  one  which 
recently  came  under  my  notice,  it  is  enlarged,  swollen,  soft 
in  consistence,  and  of  deep  violet  colour. 

Variations  in  Size, — The  explanation  of  these  variations  in 
size  I  find  to  be  that 

the  size  of  the  spleen  is  no  reliable  index  to  the  amount 
of  blood  destruction  which  may  have  recently  occurred  i7i  it. 

While  active  disintegration  of  the  corpuscles  is  in  progress, 
the  spleen  is  usually  found  enlarged.  On  the  other  hand,  two 
or  three  days  later,  while  the  blood  still  shews  many  remains 
of  red  blood  corpuscles,  and  other  evidences  of  blood  destruction 
are  numerous,  the  spleen,  even  when  the  destruction  has  been 
most  excessive,  may  be  found  small,  shrunken,  and  contracted, 
containing  little  blood,  and  shewing  little  evidence  of  having 
been  at  all  concerned  in  the  process. 

Now,  the  course  of  pernicious  ann;mia  towards  the  fatal 
termination   is   usually  marked  by  relapses  alternating  with 
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periods  of  convalescence.  Moreover,  these  exacerbations  are 
always  followed  by  further  deterioration  of  the  quality  of  the 
blood,  {i.e.  by  greater  oligocythjemia),  also  by  high-coloured 
urine,  and  urobilinuria  {vide  posted).  This  indicates,  that  the 
excessive  blood  destruction  occurring  in  pernicious  anjcmia  is 
not  constant.  The  process  is  marked  by  periods  of  activity 
alternating  with  periods  of  quiescence.  It  is  this  peculiarity 
of  the  process  that  determines  the  varying  size  of  the  spleen. 
The  condition  of  that  organ  after  death  varies  according  as  an 
exacerbation  of  the  destructive  process  has  recently  occurred 
or  not.  If  destruction  is  in  active  progress  at  the  time  of  death, 
the  spleen  is  found  swollen  and  red ;  although  sometimes  even 
under  the  circumstances  it  may  be  small,  since  it  was  not 
uncommon  in  experiments  for  a  spleen  recognizably  large  and 
turgid  during  life  to  contract  markedly  immediately  after  death. 
If  death  occurs  during  a  quiescent  interval,  it  may  be  found 
small  and  contracted  (see  p.  380). 

Varying  Quantity  of  Pigment.  —  As  regards  the  other 
characters  of  the  spleen,  we  saw  that  after  hardening,  micro- 
scopic examination  usually  shews  no  ■  changes  at  all  ;  in 
particular,  the  percentage  of  iron  it  contains  is  in  most  cases 
by  no  means  proportional  to  the  great  excess  constantly  found 
in  the  liver.  I  was  for  a  long  time  inclined  to  regard  this  as 
an  indication  that  the  part  played  by  the  spleen  in  the  destruc- 
tion of  blood  in  this  disease  was  altogether  secondary  to  that 
taken  by  the  liver  for  the  following  reason.  My  experiments 
had  shewn  that  after  transfusion  the  spleen  always  contained 
much  more  pigment  than  the  liver,  and  that  this  organ  was 
a  most  important  seat  for  the  accumulation  of  pigment  occurring 
in  such  cases,  the  conditions  of  the  circulation  in  the  spleen 
being,  as  already  explained,  specially  favourable  to  the  arrest  and 
accumulation  of  effete  red  corpuscles  and  their  conversion  into 
pigment. 

I  ultimately  found,  however,  that  the  presence  or  absence  of 
pigment  in  the  spleen  was  dependent  to  a  great  extent  on  the 
nature  of  the  blood  destruction  which  had  occurred. 

If  the  corpuscles  are  broken  down  entirely,  and  their 
haemoglobin  liberated,  the  amount  of  pigment  found  in  the 
spleen  may  be  very  slight,  although  the  destruction  of  cor- 
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puscles  may  have  been  great.  Thus,  after  injection  of  dis- 
tilled water,  little  or  no  pigment  may  be  found  in  the  spleen, 
although  marked  ha^moglobinuria  has  occurred  (see  pp.  172, 
173).  Similarly,  after  poisoning  with  pyrogallic  acid,  the 
amount  of  pigment  in  the  spleen  may  be  small,  although 
the  appearances  presented  by  the  red  corpuscles  within  the 
spleen  itself  shew  that  a  great  destruction  of  blood  has  taken 
place.  The  haemoglobin  of  the  corpuscles  has  been  set  free, 
and  carried  to  the  liver  to  be  disposed  of,  or  into  the  general 
circulation  to  be  excreted  by  the  kidneys. 

The  conclusion  I  have  formed  on  these  observations  is,  that, 
as  regards  the  spleen,  much  more  importance  is  to  be  attached 
to  the  recent  appearances,  both  naked  eye  and  microscopic, 
than  to  those  presented  by  the  organ  after  hardening.  In  many 
cases  the  spleen  is  found  apparently  normal  on  being  examined 
after  hardening;  while  examination  of  the  fresh  organ  shews, 
(from  the  quantity  of  haemoglobin  in  the  spleen,  and  the  nume- 
rous h^emolytic  changes  in  the  red  corpuscles),  that  blood  de- 
struction had  been  in  full  progress  at  the  time  of  death. 
The  same,  I  conclude,  applies  to  pernicious  anaemia. 

In  a  case  of  pernicious  anaemia,  recently  under  obser- 
vation, the  spleen  was  much  enlarged  (weight  13  oz.),  soft 
and  flabby  in  consistence,  and,  on  section,  presented  an 
extremely  deep  violet-red  or  dark-purplish  colour.  It 
seemed  to  be  extremely  rich  in  blood ;  and  in  this  respect 
presented  a  marked  contrast  to  the  other  organs,  which 
were  exceedingly  pale  and  anaemic  (a  contrast  I  have 
found  to  be  the  general  rule  in  pernicious  anaemia). 

On  microscopic  examination  of  the  fresh  organ,  few 
red  corpuscles  were  found.  The  colour  of  the  splenic 
pulp  was  almost  solely  due  to  the  prese7tce  of  free  hcemo- 
globin,  the  red  corpuscles  being  in  no  greater  number  than 
in  the  other  organs  of  the  body.  The  splenic  tissue  gave 
little  or  no  iron  reaction  with  sulphide  of  ammonium.  It 
contained  no  excess  of  blood  pigment. 

The  explanation  of  these  appearances  appears  to  me  to  be 
the  following :— Blood  destruction  had  apparently  been  in  active 
progress  at  the  time  of  death  ;  and  the  spleen  was  the  chief  seat 
of  the  disintegration  of  the  red  corpuscles.    The  hemoglobin 
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was  carried  to  the  liver  to  be  disposed  of ;  the  evidence  of  this 
in  the  present  case,  being,  not  only  a  great  excess  of  pigment 
in  the  liver  cells  in  the  usual  situation — the  outer  two-thirds 
of  the  lobule ;  but,  also,  the  presence  of  a  very  large  quantity 
of  intensely  high  coloured  bile,  both  in  the  gall-bladder,  and  in 
the  upper  part  of  the  small  intestine.  The  absence  of  any 
iron  reaction  is  explained  by  the  circumstance  already  alluded 
to — that  iron,  in  the  form  it  is  present  in  haemoglobin,  gives  no 
reaction  with  micro-chemical  reagents. 


CHAPTER  XV. 


HAEMOLYSIS  IN  PERNICIOUS  A^iMmik— (continued). 
VI.— Its  Special  Character. 
The  Nature  of  the  Blood  Destruction  in  Pernicious  Ansemia. 

I.  My  experiments  make  it  quite  clear,  that  it  is  not  simply 
a  dissolution  of  the  red  corpuscles  in  the  general  circulation — 
a  general  hcBmoglobmcemia  —  such  as  occurs  periodically  in 
paroxysmal  hsemoglobinuria,  or  sometimes  after  burns  affecting 
large  areas  of  skin  ;  and  such  as  can  be  experimentally  induced 
by  injection  of  distilled  water  or  glycerine  into  the  blood. 
Under  the  circumstances  enumerated,  hsemoglobinuria  occurs, 
usually  with  albuminuria ;  whereas,  in  pernicious  anaemia,  both 
these  conditions  are  absent. 

The  destruction  has  rather  the  characters  of  a  portal  hcento- 
globinceinia — i.e.  of  a  blood  destruction  confined  to  the  portal 
area  ;  resembling  in  this  respect  the  blood  destruction  of  health, 
while  yet  differing  from  the  latter  in  many  important  particulars. 

As  regards  the  Nature  of  the  destruction  the  condition  of  the 
liver,  as  regards  excess  of  pigment,  and  fatty  degeneration,  is  of 
the  greatest  importance  in  this  relation. 

2.  My  observations  shew,  that  mere  excess  of  free  haemo- 
globin in  the  blood,  {e.g.,  due  to  distilled  water,  glycerine,  etc.) 
cannot  produce  the  pigment  changes  in  the  liver  characteristic 
of  pernicious  anaemia.  This  conclusion  is  based  upon  the  follow- 
ing experimental  evidence. 


\Exp.  44. 
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Exp.  44 :  Rabbit :  weight,  4  lb.  10  oz. 


Date. 

No.  of 
Corpuscles. 

Changes  in  Blood. 

Remarks. 

Sept.  29,  1887,  . 
M    30,  • 

(10  A.  M.  ), 

Oct.  I, 

6,310,000 
5,250,000 

Normal. 

II  A.M.  No  obvious 
changes  in  corpuscles 
—  granules  more 
numerous,  but  no 
schatten. 

Urine  30  c.c,  muddy, 
gives  no  reaction  with 
Guaiac  test. 

10  A.M.     30  c.c.  dis- 
tilled water  injected 
into  jugular  vein 
(etherized). 

11  A.M.  Animal  shiver- 
ing, 

4  P.M.    15  c.c.  urine  ; 
contains  fine  granular 
yellow  (hsemoglobin) 
debris ;  gives  distinct 
reaction  with  Guaiac. 

1  P.M.    Animal  re- 
covered. 

2  P.M.    Killed.  Urine 
from  bladder  gives  no 
Guaiac  reaction;  urine 
passed  during  night 
contains   no  hDsmo- 
globin. 

Blood  of  Inferior  Vena  Cava  shews  nothing  abnormal. 

Spleen. — Soft,  and  rather  swollen  ;  darkens  very  slightly  in  NH^HS  ; 
contains  no  excess  of  pigment,  and  none  seen  after  hardening,  although 
Prussian  blue  reaction  gives  a  slight  diffuse  staining. 

Liver. — PurpUsh  colour ;  cells  very  fatty ;  no  darkening  with 
NH^HS ;  no  pigment  granules  to  be  seen.  After  hardening,  cells 
appear  normal ;  no  pigment. 

Gall  Bladder. — Contains  a  few  drops  of  a  light  greenish  bile. 

Exp.  47  :  Rabbit :  weight,  4  lb.  4  oz. 

Date. 

No.  of 
Corpuscles. 

Changes  in  Blood. 

Remarks. 

Oct.  7,  1887,  . 
8,  . 

5,650,000 
Hb.  70  per 
cent. 

5,480,000 
Hb.  60  per 
cent. 

3  P.M.  No  debris,  no 
schalten. 

1.30  P.M.  Animal 
etherized.    50  c.c. 
distilled  water  injec- 
ted into  jugular  vein. 

Animal  recovered,  eat- 
ing as  usual. 
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Exp.  47 — {continued). 


Date. 

No.  of 
Corpuscles. 

Changes  in  Blood. 

Remarks. 

Oct.  10,  1887,  . 

5,290,000 
lib.  58  per 
cent. 

50  c.c.  of  urine  contain- 
ing large  quantity  of 
yellowish  granular 
deposit  (haemoglo- 
bin). 

Slight  Guaiac  reaction 

of  haemoglobin. 
Animal  looking  ill. 
Killed  at  2  P.  M. 

Liver. — Very  fatty,  especially  in  portal  zone ;  no  darkening  in 
NH^HS,  and  not  a  particle  of  pigment  in  liver  cells.  After  hardening, 
no  reaction  of  iron  ;  cells  appear  normal. 

Spleen. — Slight  darkening  in  NH^HS ;  gives  pigment  reaction,  limited 
to  large  cells  of  pulp. 

Bone  Marrow. — No  excess  of  pigment ;  no  darkening  with  NH^HS. 

Kidney. — Shews  nothing  ;  no  darkening  in  NH^HS. 


Exp.  48  :  Rabbit. 


Date. 

Blood. 

Remarks. 

Oct.  10,  1887,  . 
,,     II,  . 

No  changes. 

4  P.M.    No  changes. 

Corpuscles  perfectly  normal. 
No  debris.    No  schalten. 

3  P.M.  70  c.c.  distilled  water 
injected  into  jugular  vein 
(etherized). 

Animal  eating  ;  depressed. 

Urine  dark  and  muddy. 

Microscop.  large  quantity  of 
yellow  granular  remains  of 
hsemoglobin,  with  casts  of 
irregular  yellow  globules, 
resembling  red  blood  cor- 
puscles. 

Distinct  reaction  of  hcemoglo- 
bin. 

No  reaction  of  bile  pigments. 

(Gmelin. ) 
Animal  well. 

II  A.M.    Killed,  i.e.  44  hours 

after  operation. 
Un7ie   50   c.c.    in  bladder, 

muddy. 

No  haemoglobin  reaction,  but 
much  granular  and  globular 
debris. 

Slight  cloudiness  on  heating, 
and  with  HNOa. 
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Spleen. — Dark,  swollen ;  a  large  number  of  red  corpuscles  shew  bud- 
like projections ;  and  similar  buds  are  seen  free,  also  enclosed  in  cells. 
Distinct  increase  in  pigment ;  tissue  becomes  almost  black  in  NH^HS  ; 
large  quantity  of  colourless  granular  material. 

After  hardening,  sections  shew  slight  excess  of  pigment,  diffused 
throughout  large  splenic  cells. 

Liver. — Cells  fatty ;  no  appearance  of  pigment,  no  darkening  with 
NH^HS. 

After  hardening,  cells  normal ;  free  from  pigment. 
Gall  Bladder. — Contains  a  quantity  of  dark  green  bile. 
Bone  Marrow. — Corpuscles  shew  no  abnormal  appearances,  no  buds ; 
little  or  no  iron  reaction. 

3.  In  certain  respects,  the  characters  of  the  blood  destruction 
are  more  closely  reproduced  by  a  poison  like  pyrogallic  acid — 
namely,  as  regards  high  degree  of  oligocytJicemia  (Exps.  78,  62,  77, 
58);  pronounced  poikilocytosis  (K^^.  yy)\  and  fatty  degeneration 
of  the  liver  cells,  especially  in  the  centre  of  the  lobule  (Exps.  62, 
76,  58).  In  other  respects,  however,  notably  in  regard  to  the 
pigment  changes  in  the  liver,  this  poison  fails  to  meet  the  require- 
ments. Despite  the  large  destruction  it  occasions,  as  shewn 
during  life  by  the  reduction  in  number  of  corpuscles  or  by  the 
hsemoglobinuria,  and  after  death  by  the  very  large  excess  of 
pigment  in  the  spleen  there  is,  with  rare  exceptions  (Exp.  58), 
a  singular  absence  of  pigment  from  the  liver  cells  (Exps.  64,  78, 
62,  76,  77).  Moreover,  the  destruction  is  generally  attended  by 
hiemoglobinuria,  and  albuminuria. 


Exp.  64  :  Rabbit. 


Nov.  4,  1887, 

(11.20  A.M.), 
(12.20  P.M.), 
(3.20  P.M.), 

Nov.  5,  . 
„    7,  • 

5,350,000 
5,090,000 
5,150,000 
4,240,000 
4,400,000 

No  changes  in  blood 
during  life.  - 

0"5  gramme  pyrogallic 
acid  in  10  c.c.  normal 
saline,  injected  simul- 
taneously. 

Animal  killed,  in  good 
health. 

Spleen. — A  very  large  amount  of  blood  pigment ;  becomes  coal-black 
in  NH4HS. 

Liver. — Very  congested;  very  slight  darkening  in  NH^HS;  absolutely 
no  pigment  in  cells. 


HAEMOLYSIS  IN  PERNICIOUS  ANEMIA.  175 


Exp.  78:  Rabbit:  weight,  1500  grammes. 


Date. 

No.  of  Red 
Corpuscles. 

Changes  in  Blood. 

Remarks, 

1888. 

Jan.  21, 

1 2  A.  M.    075  gramme  pyro- 

gallic  acid,  in  20  c.c.  sahne 
solution  (1  fa  NaCl),  m- 
jected  into  jugular  vein. 
4  P.M.      15   c.c.    of  dark, 
smoky  urine  passed ;  no 
albumin  or  blood  ;  deep 
red  colour  with  HNU^. 

„    22,  . 

A  few  schatten  seen. 

,,   23,  . 

3.735.000 

Corpuscles  normal  in  size 
and  appearance. 

..   24,  . 

3,450,000 

R.B.C.  perfectly  normal. 

25,  . 

3,410,000 

R.B.C.  perfectly  normal. 

26,  . 

3,970,000 

Some   corpuscles  larger 

than  others,  and  a  few 
poikilocytes. 

4,530,000 

Normal. 

,,       28,  . 

4,250,000 

Normal. 

»  • 

Feb.  3,  . 

4,590,000 
4,780,000 

. 

075  gramme  pyrogallic  acid 

administered  by  mouth. 

,>     4'  ■ 

4,720,000 

Normal. 

35  c.c.  urine,  smoky,  albu- 

minous ;  port  wine  colour 
with  HNO3. 

6,  . 

4,930,000 

Normal. 

»     9,  • 

4,950,000 

I  gramme  of  pyrogallic  by 
mouth. 

II,  • 

4,240,000 

Normal. 

13.  • 

3,870,000 

Normal. 

,,    14,  • 

4,480,000 

Normal ;  colourless  gran- 

ules increased  in  number. 

,,    16,  . 

4,930,000 

Normal. 

„    17,  • 

Killed  with  chloroform. 

Spleen. — Of  normal  size ;  red  corpuscles  mostly  normal ;  considerable 
quantity  of  colourless  granules,  and  also  microcytes ;  darkens  consider- 
ably in  sulphide  of  ammonium ;  on  examination  shews  considerable 
diffuse  greenish  staining;  also  a  considerable  excess  of  small  dark 
spherules  of  pigment  of  varying  size. 

The  protoplasm  of  certain  of  the  large  cells  is  of  a  diffuse 
greenish  colour,  studded  with  extremely  minute  dark  pigment 
granules. 

On  examination  with  higher  powers  (Zeiss  F.),  the  number  of  these 
granules  is  seen  to  exceed  greatly  that  seen  with  low  power ;  the  cell 
substance  seems  full  of  them,  the  diffuse  greenish  colour  being  in  great 
part  caused  by  the  particles  thrown  out  of  focus. 
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After  hardening^  gives  no  reaction  with  sulphide  of  ammonium ; 
contains  almost  no  pigment,  a  few  granules  only  being  seen. 

Liver. — Healthy ;  not  affected  by  sulphide  of  ammonium ;  cells 
normal;  shew  a  few  yellowish  granules,  probably  fat. 

After  hardening,  no  reaction  with  NH^HS ;  cells  small ;  nuclei 
distinct;  no  pigment  either  in  liver  cells  or  in  capillaries. 

Exp.  62  :  Rabbit:  weight,  1800  grammes. 


Date. 


1887. 
Nov.  24,  . 


..     25,  . 
26,  . 


28,. 

(I  P.M.), 


(5  P.M.), 
29,  . 


30, 


No.  of 
Corpuscles. 


4,750,000 


4,780,000 


4,470,000 


5,180,000 


750,000 


Changes  in  Blood. 


A  few  s  chat  ten. 


Blood  darker  in  colour ; 
contains  granular  de- 
bris, but  no  schatten. 

No  changes. 


No  schatten  or  other  sign 
of  blood  destruction. 

An  extraordinary  number 
of  schatten,  and  many 
of  the  red  corpuscles 
shew  budding ;  the 
blood  is  of  a  dark  choco- 
late colour. 


Remarks. 


Spleenexcised ;  075  gramme 

pyrogallic  acid  injected  into 

jugular,  (  =  o"4l  gramme 

per  kilo). 
Animal    not   affected  by 

operation  ;   moving  about 

freely;  weight,  1700. 
Weight,  1650;  70  c.c.  pale 

straw  coloured  ttrine  ;  no 

albumin  or  blood. 
Weight,    1600;   I  gramme 

pyrogallic  acid  in  20  c.c. 

saline    solution  injected 

into  vein. 


Urine,  100  c.c,  dark,  smoky; 
no  red  corpuscles,  but 
yellow  haemoglobin  casts, 
also  granular  and  epithelial 
casts. 

Urine  very  albuminous,  al- 
most pure  blood.  Death. 


Blood  of  Portal  Vein. — Shews  red  corpuscles  in  all  stages  of  destruc- 
tion, varying  in  size.  Many  schatten ;  and  a  number  of  red  corpuscles 
shewing  buds ;  numbers  of  large  cells  enclosing  pigment  and  red 
corpuscles,  some  containing  pigment  alone. 

Inferior  Mesenteric  Vein. — Pigment  and  corpuscle  holding  cells  as 
numerous  as  in  portal  vein  itself. 

Inferior  Vena  Cava  above  Liver. — One  or  two  pigment-holding  cells, 
but  much  fewer  in  number  than  in  portal  vein. 

Inferior  Vena  Cava. — Some  corpuscles  large,  pale,  twice  or  three 
times  size  of  others.  Not  a  single  pigment-holding  cell  to  be  seen. 
Schatten  very  numerous. 

Liver. — In  a  state  of  marked  fatty  degeneration ;  the  surface  mottled  ; 
lobules  yellow  in  centre,  with  congested  zones  around. 


HyEMOLYSIS  IN  PERNICIOUS  ANEMIA. 


177 


Microscopicalfy.—'^wme^OMS  pigment  cells  in  capillaries  similar  to 
those  in  portal  vein  ;  also  schatten  in  great  number. 

Tissue  darkens  very  slightly  in  NH^HS ;  after  hardening,  not 
at  all. 

Cells  very  fatty ;  loaded  with  fat  globules,  especially  central  part  of 
lobule. 

The  absence  of  pigment  from  the  Liver  is  very  striking-,  especially 
when  contrasted  with  the  appearances  presented  by  the  liver  (from 
another  experiment  examined  the  same  day),  where  the  pigment  was 
very  abundant,  and  yet  the  actual  destruction  of  blood  had  been  much 
less  (drug  used  was  toluylendiamin).  Great  dilatation  of  capillaries, 
especially  around  central  vein. 


Exp.  76:  Rabbit:  weight,  2150. 


Date. 

Changes  in  Blood. 

Remarks. 

Jan.  19,  . 
.,    20,  . 
,,    21,  . 

Blood  from  ear  has  not  the 
dark  colour  of  pyrogallic 
acid  blood.  Corpuscles  shew 
absolutely  no  change. 

No  change  in  blood. 

Spleen  excised ;  and  then  i 
gramme  of  pyrogallic  acid  in 
25  c.c.  normal  saline  in- 
jected into  jugular  vein. 

(=0  46  gramme  per  kilo  of 
weight,  same  proportion  as 
Exp.  75.) 

Animal    in    perfect  health; 
killed. 

Liver. — Excessively  fatty ;  contains  absolutely  no  trace  of  pigment ; 
no  darkening  with  NH^HS.  Have  hardly  ever  seen  a  liver  so  free 
from  pigment. 


Exp.  77  :  Rabbit:  weight,  1350  grammes. 


Date. 

No.  of 
Corpuscles. 

Changes  in  Blood. 

Remarks. 

1888. 

Jan.  22, 

1,360,000 

Schatten  in  blood. 

Spleen  excised. 
°75  gramme  py- 
rogallic acid  in 
20  c.c.  saline 
solution  injected 
into  jugular  (  = 
0-55  gramme  per 
kilo). 

Haemoglobin  in 
urine. 

M 
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Exp.  77 — (continued). 


Date. 


Jan.  23, 


No.  of 
Corpuscles, 


1, 360,  OCX) 


24,  1,760,000 


25. 


26, 


2,460,000 


3,180,000 


Changes  in  Blood, 


Only  one 
amongst 
although 


Red  corpuscles  variously  altered. 
Some  very  large  and  pale,  others 
smaller  than  usual,  \  or  even  less 
the  normal  size,  perfectly  round 
and  spherical,  and  retaining  their 
colour.  Some  of  these  seen  in 
process  of  detachment  from  ordinary 
red  corpuscles. 
In  some  of  the  corpuscles  the  hsemo- 
globin  is  seen  as  if  withdrawn  to 
one  side  of  the  corpuscle,  in  others 
it  appears  as  if  collected  into  centre. 
In  the  larger  corpuscles  these  appear- 
ances resemble  nucleated  red  cor- 
puscles. 

or    two    schatten  seen 
the     red  corpuscles, 
the  drop  of  blood  with- 
drawn is  thin,  pale,  and  watery. 
Blood  of  a  bright  cherry  colour,  flow- 
ing freely.     The  appearances  pre- 
sented by  corpuscles  exceedingly 
striking.    They  vary  exceedingly  as 
regards    both    form    and  shape. 
Some,  several  times  the  size  of  nor- 
mal red  cells,  others  minute  spherical 
Diicrocytcs  of  bright  yellow  colour. 
Some  oval,  others  flask-shaped,  others 
pointed,  others  throwing  oft'  buds, 
many  of  the  latter  being  seen  in 
process  of  separation  from  the  cor- 
puscles.     The    small  microcytes 
resemble  exactly  in  shape  and  colour 
the  surrounding  red  corpuscles,  ex- 
cept that  the  smaller  ones  shew  no 
central  depression. 
The  appearances  presented  by  the  blood 
agree  in  all  particulars  with  those 
found  in  pernicious  amcinia. 
Blood  from  ear  of  a  bright  red  colour, 
flowing   freely.     Some  difliculty, 
indeed,  in  arresting  flow  from  punc- 
ture. 

Poikilocytosis  still  very  striking, 
although  less  marked  than  yester- 
day. 

Most  of  the  corpuscles  are  fairly  uni- 
form in  size  ;  still  some  macrocytes, 
also  microcytes,  although  fewer  in 
number  than  before. 

Character  of  blood  visibly  changed 
for  the  better,  now  bright  red  like 
normal  blood. 


Remarks. 


Eating  a  little. 


Animal  looking 
better,  has  fed 
well  since  yester- 
day. 


Weight,  1250. 
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Dale. 


Jan.  27, 
„  28, 


Feb.  2, 


4, 
6, 

9, 
10, 


II, 
12, 


13. 
14, 

15. 
16, 


No.  of 
Corpuscles, 


3,500,000 

4,150,000 

3,750,000 

4,560,000 
4,720,000 


Chancres  in  Blood, 


4,160,000 
5,140,000 
5,420,000 


5,050,000 


Still,  however,  some  tendency  to 
bleeding  from  small  puncture.  A 
few  macrocytes  still  seen,  also 
microcytes.  Some  spherical,  about 
half  the  size  of  a  red  corpuscle. 
Some  oval,  with  pointed  drawn-out 
ends.  The  great  majority  of  the 
corpuscles  are  normal. 

Blood  of  normal  colour.  Still  a  few 
macrocytes  and  a  few  microcytes. 

Still  a  slight  disparity  in  size  of  the 
corpuscles. 


Blood  normal. 


A  few  microcytes  still  seen. 


Normal  appearances. 


5,010,000 
4,700,000 
3,450,000 
3,790,000 


Slight  poikilocytosis. 

Some  macrocytes  and  microcytes. 

Granular  material,  microcytes,  bleed- 
ing from  ear. 


Remarks. 


Animal  well,  1300 
grammes. 

Animal  looks  de- 
pressed. 

Weight,  1350. 

075  gramme  pyro- 
gallic  acid  by  the 
mouth. 

Weight,  1250. 
,,  1400, 

I  gramme  of  pyro- 
gallic  acid  by 
mouth,  in  25 
c.c.  water. 

Urine  smoky,  deep 
colour  reaction 
with  HNO3. 

Weight,  1300. 


Killed. 


Blood  of  Mesenteric  Veins  shews  a  few  colourless  granules,  also  some 
tendency  to  budding,  and  formation  of  microcytes.  Some  of  the 
colourless  albuminous  granules  are  the  result  of  disintegration  of  the 
red  corpuscles,  the  stroma  of  which  can  be  seen  oozing  out,  breaking 
off,  and  floating  away  free. 

Duodenal  Veins. — Yellow  microcytes  and  colourless  granules. 

Inferior  Vena  Cava.— Blood  corpuscles  perfectly  tiormal,  except  that 
some  of  them  are  larger  than  normal.  Almost  complete  absence  of 
colourless  granules,  and  no  increase  in  the  latter  even  after  standing. 

Hepatic  Vein. — Same  as  inferior  vena  cava. 
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Liver. — Is  somewhat  small,  flabby,  atrophied  lookmg.  Gall-bladder 
empty. 

Absolutely  imaffected  by  NH^HS,  and  cells  shew  no  trace  of  pigment. 
After  hardening  no  trace  of  pigment  either  in  cells  or  in  capillaries. 

Summary. — In  all  these  experiments,  then,  the  most  notable 
feature,  as  regards  amount,  and  distribution  of  pigment,  was  the 
singular  absence  of  pigment  from  the  liver,  despite  the  destruction, 
often  excessive,  occasioned  by  the  drug. 

In  only  one  instance,  with  pyrogallic  acid,  did  I  succeed  in 
producing  a  condition  of  liver  similar  in  respect  of  increase  of 
pigment,  and  fatty  degeneration  of  centre  of  lobule  to  that  of 
pernicious  anaemia.  But  this  was  the  result  of  a  destruction 
which  caused  intense  h^emoglobinuria,  albuminuria,  blocking  of 
the  renal  tubules  with  haemoglobin,  viz.,  changes  never  met  with 
in  pernicious  anaemia. 


Exp.  58  :  Rabbit :  weight,  3050  grammes. 


Date. 

No.  of  Cor- 
puscles. 

Changes  in  Blood. 

Remarks. 

Nov.  II,  . 

6,280,000 

Pyrogallic      acid,  i 

(12  A.M.) 

gramme,  in  10  c.c. 

normal    saline,  in- 

jected subcutaneous- 

ly-    (  =  0-33  gramme 

per  kilo.) 

1.30  P.M.,  . 

5,950,000 

No  changes. 

5  I'-M., 

6,240,000 

No  changes. 

Nov.  12,  . 

6,300,000 

Normal.     No  schatten 

or  granules. 

).     14.  • 

5,790,000 

Corpuscles    well  pre- 

Weight, 2850. 

served. 

M     16,  . 

5,890,000 

Weight,  2850. 

(12  A.M.) 

i^  grammes  pyrogallic 

acid  in  15  c.c.  saline 

solution,  injected  in- 

travenously.  (  =  0'52 

gramme   per  kilo.) 

.,      (2.30  P.M.), 

5,560,000 

A  few  fading  corpuscles 

seen. 

„      (5.30  P.M.), 

4,650,000 

Circulation  feeble. 

Blood    of    a  dark 

colour ;  small  spheri- 

cal microcyles  seen. 

much   smaller  than 

red  corpuscles. 
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Dale. 


Nov.  17, 


„  iS, 


No.  of  Cor- 
puscles. 


1, 100,030 


550,000 


590,000 


Changes  in  Blood. 


Blood  shews  an  extra- 
ordinary number  of 
schatten,  in  number 
almost  equal  of  the 
red  corpuscles. 

Also  an  extraordinary 
increase  of  leucocytes. 


Enormous  increase  in 
number  of  leucocytes, 
as  many  as  fifty  in  a 
field  ;  large  quantity 
of  granular  debris. 

Schalten  in  great  num- 
ber, although  not  so 
numerous  as  yester- 
day. 

Numerous  destructive 
changes  in  red  cor- 
puscles, which  are 
seen  throwing  off 
buds. 

Blood  very  thin  and 
watery,  has  lost  its 
dark  colour,  shews 
a  very  large  number 
of  granules,  and 
more  marked  altera- 
tions in  red  cor- 
puscles. A  number 
of  them  extremely 
large,  pale,  vacuoa- 
lated,  deformed,  pear- 
shaped, 

Leucocytes  not  so  nu- 
merous—  fourteen  in 
a  field. 


Remarks. 


Weight,  2650.  Animal 
apparently  well. 
Urine  140  c.c. ;  in- 
tensely dark,  almost 
tarry  ;  shews  altered 
corpuscles  and  great 
quantities  of  granular 
and  globular  remains 
of  hemoglobin.  Con- 
tains a  large  quantity 
of  albumen;  no  reac- 
tion of  bile,  but  spec- 
troscopic appearance 
of  ha;mochromogen 
or  acid  hoematin. 

Animal  looking  very 
ancemic.  Weight, 
2550. 


Weight  2550. 


Killed. 


^^/,,;,._Swollen,  Of  a  dark  slatey  colour ;  enormous  numbers  of 
large  splenic  cells,  filled  with  pigment.  In  NH.HS,  it  becomes  coal-black 
from  large  excess  of  pigment. 

Zzz^^r.— Somewhat  dark  in  colour,  but  not  so  dark  as  spleen  •  lobules 
on  surface  easily  distinguishable  by  their  pale  yellow  centre  (fatty),  and 
darker  periphery.    Tissue  becomes  black  in  NH.HS.    Large  numbers 
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of  pigment  cells  in  its  capillaries,  similar  to  those  in  portal  vein  and  in 
spleen  ;  also  a  large  excess  of  pigment  in  the  liver  cells  in  form  of 
minute  granules.  The  centre  of  the  lobule  is  fattily  degenerated  to  a 
marked  degree,  and  shews  little  or  no  pigment.  Some  of  the  inter- 
lobular bile  ducts  filled  with  bile. 

Kidney. — Tubules  filled  with  yellow  remains  of  haemoglobin,  very 
slightly  darkened  by  NH^HS. 

Bone  Marrow. — Dirty  red  colour;  contains  excess  of  pigment 
similar  to  that  met  with  in  spleen. 

4.  My  studies,  however,  shew,  that  by  the  action  of  a  drug, 
such  as  toluylendiamin,  a  condition  of  the  liver  can  be  produced 
closely  resembling  that  found  in  pernicious  anaemia  as  regards  : 

(1)  Richness  in  iron, 

(2)  Situation  of  the  pigment  within  the  liver  cells, 

(3)  Occurrence  of  fatty  degeneration  iti  the  cells  in  the  central 
third  of  the  lobule. 

A  similar  condition  of  the  liver  has  been  found  by 
Stadelmann  after  chronic  poisoning  with  toluylendiamin  in 
dogs. 

Exp.  42  :  Rabbit. 

Sept.  19,  1887. — o"5  gramme  (  =  o"i8  per  kilo)  dissolved  in  20  c.c. 
saline  injected  subcutaneously. 

„    26. — o*5  gramme  injected  subcutaneously  (  =  o'i8  per  kilo). 

„    29. — I  gramme  injected  subcutaneously  (  =  o'36  per  kilo). 
Oct.  13.  Killed. 

Spleen. — Of  a  pale  red  colour ;  not  swollen  at  all ;  becomes  coal- 
black  in  NH4HS ;  contains  excess  of  pigment,  but  not  so  much  as 
liver. 

Liver. — Appears  healthy.    Gall-bladder  empty. 

It  is  loaded  with  pigment;  becomes  coal-black  in  NH^HS  ;  more  so 
than  any  yet  seen. . 

Pigment  is  confined  to  the  liver  cells,  in  form  of  fine  granules ;  most 
abundant  towards  the  periphery  of  the  lobule. 

All  the  granules  give  the  iron  reaction. 

Bone  marroiv. — Slight  excess  of  pigment,  but  not  so  marked  as  in 
spleen.    (See  also  Exp.  43,  p.  160 ;  Plates  IX.  and  X.) 

This  peculiarity  of  the  action  of  toluylendiamin,  as  dis- 
tinguished from  that  of  a  poison  such  as  pyrogallic  acid,  appears 


PLATE  IX. 
To  face  page  182. 


J'- 


LIVER  OF  RABBIT,    x  300. 

Showing  large  amount  ol'  line  granular  pigment  confined  to  the  liver 
celLs  ;  none  in  the  capillaries.  Exp.  43.  After  administration  of  toluylen- 
diainin. 


Perniomis  Anasmvi.  l)r.  W.  Hunter. 


Bale  ami  Ikiiiiehxnn ,  Ltd. 
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to  denote,  that  it  combines  with  its  destructive  action  on  the 
blood  ci  specific,  not  necessarily  a  poisonous,  action  on  the  liver 
cells. 

I  find  a  similar  specific  action  exerted  on  the  liver  cells 
by  phosphate  of  soda,  a  salt  well  known  to  be  a  stimulant 
of  bile  secretion. 

I  therefore  conclude,  that  the  agent,  or  agents,  which  induce 
the  excessive  destruction  of  blood  in  pernicious  anaemia,  have 
an  action  on  the  blood  and  on  the  liver  cells  similar  to  that  of 
toluylendiamin  ;  and  this  conclusion  is  strengthened  by  the 
consideration,  that  the  form  assumed  by  the  haemoglobin  after 
its  liberation  from  the  corpuscles  is,  in  cases  of  pernicious 
anaemia,  similar  to  that  assumed  by  it  after  poisoning  with 
toluylendiamin  (see  p.  165). 

Nature  of  the  Poison. — With  regard  to  the  precise  nature 
of  the  poison  thus  generated  in  cases  of  pernicious  anaemia  and 
responsible  for  the  blood  destruction  which  is  at  the  basis  of  the 
anaemia,  my  observations  have  not  as  yet  supplied  me  with 
any  definite  information. 

The  frequency  of  gastro-intestinal  symptoms  is  a  well- 
known  feature  of  the  disease.  This  finds  its  parallel  in  the 
frequency  with  which  gastro-intestinal  lesions  are  apparently 
the  only,  or  at  least  the  chief,  lesions  discoverable  after 
death  (p.  41). 

The  foregoing  observations  localizing  haemolysis  to  the  portal 
gastro-intestinal  blood  attach  a  new  significance  and  possible 
importance  to  these  symptoms  and  lesions. 

//  is  very  probable,  therefore,  that  the  poison  is  of  some 
special  (cadaveric,  i.e.  bacterial)  nature  produced  within  t lie  gastro- 
intestinal tract ;  in  excessively  small  quantity,  however,  and  not 
necessarily  co?istantly. 

On  such  a  view,  we  can  explain  : 

(1)  Why  changes  in  the  gastro-intestinal  tract — malignant 
disease,  atrophy  of  gastric  glands,  presence  of  intestinal  worms — 
may  sometimes  be  important  etiological  factors  in  the  production 
of  this  form  of  anaemia. 

(2)  Why,  on  the  other  hand,  they  may  all  exist  without 
giving  rise  to  the  disease. 

They  are  not  themselves  the  cause  of  the  disease.  They, 
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merely  njider  certain  circumstances,  favour  the  production  of  the 
essential  pathological  changes  underlying  the  disease,  viz., 
excessive  destruction  of  blood,  limited,  for  the  most  part,  to  the 
portal  circulation,  and  its  important  annexa,  the  spleen  and  the 
liver. 

[What  these  special  circumstances  were  it  became  the  object 
of  my  subsequent  investigations  to  ascertain.] 


,     PLATE  X. 

L  D  IL'J-  LHIP  0  H 's^ i  t  A  L    -<  y  ^  '  Jroj-aJe  page  184. 


Fif;.  1.— LivEK  OF  Pigeon. 

After  injection  uf  0  2  tjniniines  of  tolnylendiaraine.    Showing  very 
large  excess  of  iron.   (Prussian  blue  reaction.)   Exp.  84. 


Fig.  2.— Liver  of  Pigeon. 

Showing  chief  situation  of  pigment  in  above  case,  viz  ,  within  the 

liver  cells. 


Pernicious  ylncemia,  Dr.  W.  Hunter. 


Bale  and  Danielsson,  Ltd.,  Lith. 


CHAPTER  XVI. 


SUMMARY  OF  CONCLUSIONS  REGARDING  THE 
PATHOLOGY  OF  THE  DISEASE. 

The  followinsf  are  the  chief  conclusions  arrived  at  from  the 
preceding  anatomical  and  experimental  studies  regarding  the 
pathology  of  this  form  of  anjemia. 

I.  As  regards  its  general  Morbid  Anatomy: 

(1)  None  of  the  pathological  conditions — e.g.  malignant 
disease,  atrophy  of  stomach,  gastro-intestinal  lesions,  etc. — 
occasionally  found  associated  with  the  features  of  pernicious 
ansemia,  can  be  rightly  regarded  as  the  essential  anatomical 
lesion  underlying  the  ansemia  present,  or  as  reasonably 
accounting  for  the  remarkable  degree  of  its  anaemia  as  com- 
pared with  that  of  all  other  forms  of  anaemia. 

(2)  With  regard  to  them  all  it  is  necessary  to  assume, 
in  order  to  account  for  the  high  degree  of  blood  change,  that 
there  have  been  superadded  to  these  lesions  certain  others 
essential  to  pernicious  anaemia. 

(3)  This  conclusion  is  based  chiefly  on  two  considera- 
tions ;  {a)  that  similar  anatomical  changes,  often  far  more 
marked,  are  constantly  to  be  met  with  in  cases  presenting 
none  of  the  features  of  pernicious  anaemia  ;  and  {b\  that 
still  more  frequently,  cases  of  pernicious  anaemia  are  met 
with  without  any  such  anatomical  lesions. 

II.  As  regards  the  changes  in  the  Blood  and  Blood  organs : 

(4)  The  oligocythaemia  met  with  exceeds  in  degree  that 
found  in  any  other  condition.  It  is  in  itself  distinc- 
tive, as  between  pernicious  anaemia,  and  the  ansemia  of 
malignant  or  wasting  disease,    Except  when  very  extreme, 
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it  is  not  itself  distinctive,  however,  as  regards  the  anaemia 
producible  by  loss  of  blood. 

(5)  But  in  association  with  the  high  relative  haemo- 
globin ratio,  the  oligocythaemia  is  distinctive  even  in  the 
case  of  the  anaemia  due  to  loss  of  blood  ;  since,  in  the  latter, 
the  haemoglobin  ratio  is  invariably  lower  than  the  per- 
centage of  corpuscles. 

(6)  As  regards  the  changes  in  the  blood  organs,  the 
most  marked  and  constant  are  those  denoting  a  largely 
increased  haemolysis. 

(7)  In  their  order  of  frequency,  these  changes  are  found 
constantly  in  the  liver,  more  or  less  constantly  in  the 
spleen,  and  very  frequently  in  the  kidneys. 

(8)  In  the  case  of  the  liver,  and  kidney,  the  changes 
consist  in  an  excess  of  pigment,  rich  in  iron,  derived  from 
the  haemoglobin  of  the  blood.  In  the  case  of  the  spleen, 
the  evidences  of  haemolysis  are  best — often,  indeed,  only — 
recognizable  on  examination  of  the  fresh  organ,  comprising 
as  they  do  morphological  changes  in  the  red  corpuscles 
and  plasma,  sometimes  also  the  presence  of  free  haemo- 
globin. The  rich  haemoglobin  colour  of  the  spleen  always 
contrasts  markedly  with  the  bloodless  condition  of  all  the 
other  organs  and  tissues,  with  the  single  exception  of  the 
bone  marrow. 

(9)  The  pigment  present  is  not  the  result  of  extravasa- 
tion, either  locally  or  elsewhere  ;  but  is  distinguishable  from 
such  by  important  differences  affecting  both  its  character 
and  its  distribution. 

(10)  From  its  character,  and  amount,  this  pigment 
denotes  an  excessive  haemolysis  as  the  most  prominent, 
constant,  and  characteristic  feature  of  the  disease. 

(11)  Its  presence,  especially  in  the  liver,  serves  to  dis- 
tinguish the  condition  sharply  and  clearly  from  those  forms 
of  anaemia,  which  cli7tically  are  supposed  to  most  closely 
resemble  it,  namely, — the  anaemia  of  malignant,  or  of  wasting 
disease,  and  the  anaemia  of  loss  of  blood. 

(12)  In  these  conditions,  the  above  pigment  changes  are 
no  less  constantly  absent. 

(13)  The  anosmia  of  pernicious  anaemia  is  thus  essen- 
tially hccinolytic. 
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(14)  Failure  in  blood  formation  plays  little  or  no  part 
in  givine  rise  to  the  features  of  the  disease.  The  evidence 
rather  shews  that  it  continues  exceedingly  active  up  to 
the  very  last. 

III.  As  regards  Hcemolysis  : 

(15)  In  Health,  these  studies  shew  that  the  process  of 
haemolysis  differs  in  many  important  respects  from  the  con- 
ceptions hitherto  entertained;  whether  with  regard  to  (i) 
its  importance  ;  (2)  its  nature  ;  (3)  the  significance  of  blood 
pigment  as  an  index  of  it ;  (4)  its  causes;  (5)  its  seats  ;  or  (6) 
the  relative  importance  of  the  various  organs  chiefly  con- 
cerned. 

(16)  It  is  not  a  slow  decay  of  the  blood,  but  an  active 
change  occurring  daily  associated  with  digestion  ;  involving 
the  liberation  of  a  certain  amount  of  haemoglobin,  and, 
presumably,  its  immediate  replacement  by  freshly-formed 
material ;  it  is  carried  out  through  the  agency  of  the  mass 
of  cells  in  relation  to  the  portal  blood  ;  its  chief  seat  con- 
sequently being  the  portal  as  distinct  from  the  general  blood  ; 
the  chief  site  of  haemolysis  within  the  portal  area  being  the 
spleen  as  distinct  from  the  liver ;  the  chief  function  of  the 
liver  in  regard  to  haemolysis  being  as  an  excretory  organ. 

(17)  In  Pernicious  Ancemia,  the  haemolysis  differs  in  im- 
portant respects  from  that  occurring  in  health  ;  it  cannot  be 
regarded  merely  as  an  exaggeration  of  the  normal  process. 

(18)  It  also  differs  in  important  particulars  from  the 
haemolysis  characterizing  malaria  and  paroxysmal  haemo- 
globinuria. 

{a)  On  the  one  hand,  there  is  no  evidence  that  in 
pernicious  anaemia,  as  is  the  case  in  malaria,  the  red  cor- 
puscles are  individually  diseased. 

{b)  On  the  other  hand,  there  is  no  evidence  that  in  it,  as 
in  paroxysmal  haemoglobinuria,  a  dissolution  of  red  cells 
takes  place  in  the  general  circulation.  In  that  case,  hjemo- 
globinuria  would  result;  and  this  is  absent  in  pernicious 
anaemia. 

(19)  It  resembles  haemolysis  in  health  in  the  important 
particular  that  it  is  confined  to  the  portal  area,  and  carried 
out  by  agencies  in  connection  therewith. 
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(20)  Its  features  as  a  whole  can,  however,  only  be  re- 
produced by  drugs  possessing  a  special  haemolytic  action  ; 
notably  toluylendiamin. 

(21)  Hence,  inasmuch  as  it  is  confined  to  the  portal 
area,  and  gastro-intestinal  influences  are  those  which,  even  in 
health,  specially  determine  the  occurrence  of  haemolysis,  it  is 
reasonable  to  conclude,  that  the  conditions  that  determine 
the  haemolysis  in  pernicious  ancemia  are  also  situated  within 
that  tract — moreover,  that  they  are  of  a  special  character. 

(22)  In  the  light  of  these  studies  establishing  the  portal 
blood  as  the  chief  seat  of  hccmolysis,  the  comparative  fre- 
quency of  symptoms  and  lesions  connected  with  the  gastro- 
intestinal area  acquire  an  entirely  new  significance. 


PART  IV. -THE  INFECTIVE  NATURE  OF 
PERNICIOUS  ANEMIA 


CHAPTER  XVII. 
GASTRO-INTESTINAL  CHEMICAL  CHANGES. 

Introductory. 

The  foregoing  investigation  had  indicated  that  the  haemolysis 
found  in  pernicious  ansemia  was  not  of  an  ordinary  character, 
except  in  the  one  important  respect,  that  it  took  place  within 
the  portal  area.  With  regard  to  the  nature  of  the  products 
causing  it,  my  observations  did  not  supply  any  definite  informa- 
tion. From  resemblances  between  their  effects,  and  those  pro- 
duced by  toluylendiamin,  especially  in  regard  to  the  limitation 
of  their  action  to  the  portal  blood,  I  concluded,  that  "  the  poison 
was  probably  of  a  cadaveric  nature  produced  within  the  gastro- 
intestinal tract — in  excessively  small  quantity,  however,  and  not 
necessarily  constantly  "  ;  and  that  "  the  destruction  of  blood  was 
effected  by  the  action  of  such  poisons  absorbed  from  the  gastro- 
intestinal tract." 

The  line  of  investigation  required  was  of  a  different  character 
from  that  up  to  that  time  pursued.  It  was  essentially  chemical  ; 
and  no  longer  anatomical  or  experimental.  In  preparation  for 
it,  I  therefore  spent  a  winter  working  specially  at  gastro- 
intestinal chemistry  in  Professor  Hoppe-Seyier's  Chemical 
Laboratory  in  Strassburg. 

In  the  first  case  met  with  subsequent  to  the  foregoing 
studies  (Case  i,  1889),  I  directed  special  attention  to  such 
characters  of  the  urine,  as  might  be  capable  of  affording  an  in- 
sight into  the  nature  of  the  changes  occurring  within  that  tract.^ 

^  Hunter,  Brit.  Med.  Joiirn.^  1890. 
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I. — Excretion  of  Aromatic  Sulphates. 

Considering  how  important  a  part  is  played  by  putrefaction 
in  the  changes  within  the  intestinal  tract,  my  first  thought 
naturally  was  that  excessive  putrefactive  change  might  be 
present,  and  might  lead  to  the  formation  of  special  poisons 
in  the  disease.  To  this  point,  therefore,  I  early  directed  my 
attention. 

We  have  a  reliable  index  as  to  the  amount  of  putrefac- 
tion within  the  intestine,  in  the  excretion  of  aromatic  com- 
pounds in  the  urine ;  compounds — such  as  phenol,  indol, 
skatol,  cresol — derived  from  the  disintegration  of  proteid 
material  in  the  process  of  putrefaction.  These  compounds 
do  not  appear  in  the  urine  as  such,  but  in  combination  with 
sulphuric  acid,  in  the  form  of  ether  sulphates,  chiefly  of 
potassium.  Since  the  sulphuric  acid  excreted  in  this  form 
is  derived  from  the  sulphur  of  the  proteid  constituents  of 
the  food,  we  can  measure  the  total  excretion  of  aromatic 
compounds  in  the  urine,  by  determining  the  quantity  of 
sulphuric  acid  with  which  they  appear  in  combination. 
There  are  thus  two  forms  in  which  sulphuric  acid  is  present 
in  the  urine — (A)  as  free  acid  combined  with  the  salts  of 
the  food,  and  derived  directly  from  these  salts ;  (B)  as 
aromatic  sulphuric  acid,  in  combination  with  the  aromatic 
compounds  of  the  urine,  and  derived  from  the  sulphur  of 
the  proteids  of  the  food. 

In  health  the  ratio  of  these  two  to  each  other — of  A  to 
B — is  fairly  constant.  The  quantity  of  free  sulphuric  acid 
usually  exceeds  that  of  aromatic  sulphuric  acid  in  the 
proportion  of  10  to  i  ;  and  this  ratio  remains  fairly  con- 
stant, independently  of  all  changes  of  diet.  The  relation 
is  affected,  in  all  conditions,  in  which  the  amount  of  putre- 
factive change  within  the  small  intestine  is  in  any  way 
disturbed.  In  obstruction  of  the  intestine,  putrefaction 
may  be  so  increased  that  the  ratio  of  A  to  B  becomes 
equal  ;  or  the  amount  of  aromatic  HgSO^  (B)  may  even 
exceed  the  free  HgSO^  (A).  On  the  other  hand,  by 
clearing  out  the  intestines  with  purgatives,  such  as  calomel, 
it  is  possible,  for  the  time  at  least,  to  cause  the  total  dis- 
appearance of  B  from  the  urine.    In  such  cases  there  is 
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not  only  a  disturbance  in  the  ratio  of  A  to  B,  but  also  in 
the  total  excretion  of  each.  The  former  is,  however,  the 
more  important,  as  the  quantity  of  each  is  dependent  to 
a  great  extent  on  the  quantity  of  food  ingested. 

The  important  point  is,  that  in  health,  whatever  the 
quantity  of  food  taken,  the  amount  of  putrefaction  which 
occurs  in  the  proteid  constituents  bears  a  more  or  less 
constant  relation  to  the  amount  ingested — the  ratio  of 
aromatic  to  free  H^SO^,  being  i  to  10.  Variations  from  i 
to  7,  up  to  I  to  15  are,  however,  still  within  the  limits 
of  health. 

Method. — The  method  I  used  for  estimating  the  sulphuric  acid, 
was  Salkowski's  modification  of  Baumann's  original  method. 
The  free.H.2S0^  is  at  once  precipitated  from  the  urine,  on 
adding  a  solution  of  barium  hydrate  ;  while  the  aromatic  H2SO4 
is  only  precipitated  after  the  aromatic  compounds  have  been 
broken  up  by  heating  with  strong  hydrochloric  acid.  Each 
variety  of  H2SO4  is  thus  obtained  in  the  form  of  a  barium 
sulphate  ;  and  the  actual  quantity  can  be  determined  by  subse- 
quent ignition,  and  weighing. 

In  the  following  table  are  embodied  the  results  of  my 
observations  in  the  case  referred  to  (CASE  7) : 


Table  shewing  Excretion  of  A  roniatic  Sulphates  in  a  case  of 

Pernicious  A  nceniia. 


Quantity 
of  urine 
in  c.c. 


1 100 

6CX5 

1050 
1030 
600 


I  lOO 

1000 
900 


Total  ex- 
cretion of 
free  H2SO4 
estimated 
as  iDarium 
sulphate. 


grammes 
I -496 

I'25I 

1-  438 
1 73 1 
3  "030 

(o"252  per 
cent.) 
2  090 

2-  505 
2-034 


A. 

Total  ex- 
cretion of 
free  H.,SO, 

(A): 


0-629 
0-526 
0-604 

0-  738 

1-  274 


0-879 
I  "053 


B. 

Total  ex- 
cretion of 
aromatic 
H.,SO, 
estimated 
as  barium 
sulphate. 


grammes 
0-484 
0-261 
0*262 
0-300 
0-276 

(0*030  per 
cent.) 
0-275 
0-405 
0-342 


B. 

Total  ex- 
cretion of 
aromatic 
II,SO,. 


0-203 
0-109 
o-i  10 
0*126 
0*1 16 


0*1 15 
0-170 

0153 


Ratio 

of 
A  to  B. 


3  to 
57 

"  „ 

81  „ 


7 -6  „ 
6-1  „ 

6 
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Results. — The  results  recorded  in  the  preceding  table  bring 
out  certain  interesting  facts.  The  amount  of  aromatic  H2SO4 
excreted  in  health  varies  somewhat,  according  to  the  amount  of 
food  taken.  The  average  daily  excretion,  however,  is  about 
0'25  gramme.  In  the  above  case  the  excretion  never  reached 
this  amount,  although,  in  the  first  instance,  it  closely  approached 
it  (0-203). 

The  absolute  amount  of  putrefaction  occurring  within  the 
intestinal  canal  in  pernicious  anceinia  was  thus  not  in  excess  of 
the  normal. 

Of  greater  importance,  however,  as  an  index  of  putrefactive 
change,  is  the  ratio  of  free  to  combined  HoSO^— of  A  to  B. 
In  the  first  instance,  the  ratio  was  3  to  i  instead  of  the 
normal  10  to  i.  This  result  indicated  that  of  the  very  small 
quantity  of  food  taken  at  this  time  (as  evidenced  by  the  small 
quantity  of  free  H^SO^  excreted),  the  quantity  destroyed  by 
putrefactive  change  was  three  times  greater  than  that  which 
should  have  occurred.  These  figures  thus  indicated  a  disturbance 
of  the  normal  ratio  of  very  considerable  extent  and  significance. 
Under  the  treatment  commenced  at  this  time,  carbohydrate 
instead  of  a  more  nitrogenous  diet,  the  ratio  steadily  but  slowly 
improved  ;  till  finally,  a  month  later,  it  had  reached  the  normal — 
namely,  10  to  i.  This  alteration  was  coincident  with  a  marked 
improvement  in  the  patient's  condition. 

It  was  at  this  time,  that  the  patient  felt,  and  looked,  better 
than  at  any  time  during  the  latter  part  of  his  illness.  He 
was  not  only  taking  more  food,  as  evidenced  by  the  steady 
increase  in  free  H2SO4  from  0'629  gramme  to  r274  ;  but  he  was 
utilizing  more  of  it  for  purposes  of  nutrition,  as  evidenced  by  the 
steady  diminution  in  aromatic  HgSO^  from  0*203  to  0"ii6. 

At  the  same  time,  the  colour  of  the  urine  was  more  normal 
than  at  any  time  observed.  On  April  1 5th,  for  the  first  and 
only  time,  it  could  scarcely  have  been  distinguished  from  that  of 
health.  A  few  days  later,  however,  an  exacerbation  of  weakness 
occurred ;  and  the  urine  rapidly  regained  its  former  high  colour. 

From  this  time  onward,  till  death,  the  disturbance  in  the  ratio 
of  A  to  B  was  less  marked — 8  to  i,  to  i,  and  then  6  to  i. 
This  disturbance  was  due,  be  it  noted,  more  to  an  increase  in 
the  excretion  of  aromatic  H^SO^  (B) — to  a  relative  increase, 
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therefore,  of  putrefaction,  than  to  any  great  diminution  in  the 
quantity  of  free  H2SO4  (A). 

The  amount  of  putrefactive  change,  a/though  relatively  greater 
than  it  should  be,  was  not,  hoivever,  sufficiently  great  to  be  credited 
with  being  the  cause  of  the  special  syniptoins  of  so  well-marked  a 
disease. 

II. — Excretion  of  Ptomaines. 

At  the  time  these  observations  were  made,  I  made  a  further 
series,  with  a  view  to  determine  whether  any  special  bacterial 
products  of  the  nature  of  ptomaines  were  present  in  the  urine. 
I  had  already  been  engaged  for  some  time  in  investigating  the 
nature  of  the  ptomaines  formed  during  putrefaction  ;  and  had 
been  able  to  isolate  certain  of  them  in  large  quantity,  and  in  a 
chemically  pure  condition. 

Method. — The  method  employed  was  that  of  Brieger  ; 
modified  in  its  later  stages  by  a  method  I  had  learnt  while 
working  with  Professor  Hoppe-Seyler,  of  Strassburg,  based 
on  certain  observations  of  Baumann  and  Udranzky.  These 
last  observers  have  recently  shewn,  that  benzoyl-chloride 
forms  remarkably  stable  compounds  with  all  bodies  of 
diamine  nature ;  and  certain  of  the  more  common  pto- 
maines, such  as  cadaverine  (penta-methylene-diamine), 
and  putrescine  (tetra-methylene-diamine) ;  belong  to  this 
group  of  bodies. 

The  method  employed  was  briefly  the  following.  The 
urine  was  slowly  evaporated  to  dryness;  its  various  insoluble 
salts  removed  by  extracting  with  alcohol  ;  its  various 
extractive  matters  with  other  salts,  such  as  sulphates, 
phosphates,  etc.,  removed  by  precipitating  with  alcoholic 
solution  of  neutral  acetate  of  lead  ;  the  remaining  alcoholic 
solution  then  precipitated  with  warm  alcoholic  solution 
of  mercuric  chloride.  In  this  way,  most  of  the  organic 
bases  present  were  thrown  down,  in  the  form  of  insoluble 
mercuric  -  chloride  compounds.  Some,  however,  always 
remained  in  solution.  Both  precipitate  and  filtrate  were 
therefore  kept ;  and  treated  separately ;  the  mercury  re- 
moved by  sulphuretted  hydrogen.    The  solution  remaining 
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was  then  rendered  strongly  alkaline  by  addition  of  lo  per  cent, 
caustic-soda  solution,  and  shaken  with  benzoyl-chloride. 

The  method  adopted  was  to  treat  the  urine  of  different  days, 
— sometimes  of  many  days  together,  in  the  manner  above  de- 
scribed. In  some  instances,  the  hydrochlorate  salts  of  the 
nitrogenous  bases  were  converted  into  double  platinum  salts,  or 
picrates.  The  benzoyl-chloride  method  yielded  the  best  results  ; 
as  it  was  also  the  one  most  easily  applied.  By  the  above 
method,  there  was  isolated  from  both  precipitate  and  filtrate  a 
certain  quantity  of  a  double  benzoyl  compound  in  a  perfectly 
pure  condition.  From  a  number  of  different  portions  of  urine, 
thus  treated  during  the  last  two  months  and  a  half  of  the 
patient's  illness,  a  very  small  quantity  of  a  benzoyl  compound 
was  obtained,  possessing  very  definite  crystalline  characters  and 
equally  definite  physical  properties. 

It  was  extremely  soluble  in  alcohol,  insoluble  in  water. 
It  crystallized  out  of  alcohol  in  the  form  of  long  fine 
needles,  arranged  in  rosette-like  bunches.  On  determining 
the  melting-point  of  the  first  specimen  thus  isolated,  I  found 
this  to  be  between  171°  and  173°  C.  A  specimen  from 
another  quantity  of  urine  had  at  first  a  similar  melting- 
point.  On  further  purification,  I  obtained  it  constant 
between  174°  and  175''  C.  From  other  specimens  of  urine, 
I  obtained  a  similar  compound. 

In  respect  of  crystalline  form  and  melting-point,  this  body 
agrees  with  the  double  benzoyl  compound  of  putrescine,  (tetra- 
methylene-diamine),  a  ptomaine  first  isolated  by  Brieger  from 
putrefying  meat.  The  melting-point  of  this  compound,  when 
absolutely  pure,  is  175°  to  176°  C.^  Slight  impurity  tends 
always  to  lower  the  melting-point  several  degrees.  Thus  the 
melting-point  of  the  double  benzoyl  compound  of  putrescine, 
obtained  by  Baumann  and  Udranzky  from  the  urine  in  a  case 
presently  to  be  referred  to,  was  170°  to  173°  C.  After  repeated 
crystallization  and  purification,  its  melting-point  remained  con- 
stant at  175°  to  176°  C. 

On  comparing  the  compound  obtained  from  the  urine  with  a 
similar  compound  of  putrescine  prepared  from  putrefying  meat, 
I  found  them  in  all  respects  identical.     In  most  cases  this 

^  Baumann  and  Udranzky,  Zeitschrift  f,  physiol.  C/^ifw^V,  xiii.,  June,  1889. 
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ptomaine— as  to  the  identity  of  which  with  putrescine  I  have 
Httle  doubt — was  obtained  alone. 

In  other  samples  of  urine,  it  was  present  along  with  another 
ptomaine,  which  also  formed  a  double  benzoyl  compound,  with 
very  definite  crystalline  characters— long,  elongated,  rectangular 
prisms.  Owing  to  the  small  quantities  obtainable,  I  found  it 
impossible  to  effect  the  separation  of  this  latter  substance. 
The  characters  of  its  crystalline  compound  were,  however,  those 
of  cadaverine  (penta-methylene-diamine), —  another  ptomaine 
always  obtained  from  putrefying  meat,  and  large  quantities  of 
which  I  had  so  prepared. 

These  two  ptomaines — cadaverine  and  putrescine — are  usually 
found  in  association  ;  sometimes  the  one,  sometimes  the  other 
preponderating.  In  ordinary  putrefaction,  according  to  my 
observations,  the  cadaverine  greatly  preponderates. 

Lastly,  from  one  of  the  specimens  of  urine  I  isolated  a  com- 
pound in  a  perfect!)'-  crystalline  form,  of  whose  identity  I  am 
uncertain.  Its  double  benzoyl  compound  crystallized  in  long 
rectangular  prisms,  resembling  those  of  the  cadaverine  com- 
pound. The  melting-point  of  this  compound  lay  between  70° 
and  80°  C. — a  wide  margin,  indicating  that  more  than  one  body 
was  present.  From  its  behaviour  in  other  respects,  I  conclude, 
that  it  was  not  cadaverine,  whose  benzoyl  compound  it  most 
resembled.  The  melting-point  of  the  latter  is  129°  to  130°  C.  It 
will  remain  for  further  observations  to  shew  what  this  body  is. 
As  I  have  not  met  with  it  in  any  of  my  observations  on  the 
ptomaines  of  putrefaction,  I  am  inclined  to  believe  that  it  is  a 
special  diamine  body. 

Significance  of  Diamines  in  the  Urine. — As  to  the  significance 
to  be  attached  to  the  presence  of  these  ptomaines  in  the  urine 
in  this  case,  I  desire  to  speak  with  reserve.  I  am  inclined, 
however,  to  attach  not  a  little  importance  to  it;  and  for  the 
following  reason.  Putrescine,  as  also  cadaverine,  belong  to 
a  group  of  nitrogenous  bases,  so-called  'ptomaines,'  formed 
from  proteids  by  the  action  of  bacteria,  and  never  formed  as 
products  of  the  metabolism  of  the  tissues  themselves.  Neither 
of  them  has  been  found  in  the  urine  in  health  ;i  nor  are  they 
met  with  in  disease;  2  even  in  conditions  in  which  they  might  be 

1  Briegerand  Stadthagen,  Berl.  klin.  IVoch,,  1889. 
Udranzky  and  Baumann,  <?/.  ci/. 
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expected  to  occur.  Udranzky  and  Baumann  examined  the  urine 
in  cases  of  scarlet  fever,  diphtheria,  typhoid  fever,  pneumonia, 
tuberculous  peritonitis,  intestinal  obstruction,  and  extensive 
suppuration — all  of  them  conditions  in  which  the  putrefactive 
changes  within  the  tissues  or  within  the  intestinal  tract  are 
increased  without  finding  a  trace  of  them  present.  In  the  fore- 
going case  also,  as  already  seen,  there  was  no  such  increase.  It 
is  obvious,  therefore,  that  orduiary  putrefactive  changes  cannot 
account  for  the  appearance  of  these  ptomaines  in  the  urine  in  this 
case  or  in  other  cases ;  since  they  may  be  absent^  tuhen  putrefactio7Z 
is  increased,  and  they  may  be  present  when  it  is  not  increased. 

Since,  however,  they  are  only  formed  by  the  action  of  micro- 
organisms, one  must  conclude  that  their  presence  in  the  urine 
points  to  the  action  of  special  micro-organisms.  Such  is  the 
conclusion  arrived  at  by  Udranzky  and  Baumann,  in  the  only 
other  condition  in  which  these  two  ptomaines  have  hitherto  been 
found  in  the  urine.  In  a  case  of  cystinuria,  these  two  observers 
found  cadaverine  and  putrescine  in  large  quantity,  both  in  the 
urine  and  in  the  f?eces  ;  and  Brieger  has  since  confirmed  this 
observation  in  two  other  cases  of  this  peculiar  condition.  Their 
presence  was  in  no  way  connected  with  excessive  putrefactive 
change  ;  for  in  their  case,  as  in  the  present  one,  there  was  no 
increase  in  the  excretion  of  aromatic  sulphates,  nor  any  unusual 
disturbance  in  the  ratio  of  the  free  sulphates  to  the  aromatic 
sulphates. 

What,  then,  is  their  significance  in  the  foregoing  case  of 
pernicious  anjemia  ?  Neither  putrescine,  nor  cadaverine,  possess 
any  specially  poisonous  properties.  Even  if  present  in  much 
larger  quantity  than  they  were,  they  could  not,  therefore,  be  held 
responsible  for  the  production  of  the  special  symptoms  of  the 
disease.  If  further  evidence  on  this  point  were  wanting,  it  would 
be  afforded  by  the  case  of  cystinuria  referred  to ;  in  which  they 
continued  to  be  excreted  in  the  urine  for  over  a  year,  without 
the  health  of  the  patient  being  in  any  way  materially  affected 
thereby.  They  derive  their  importance,  therefore,  from  the 
following  circumstances,  now  fully  established  by  many  observa- 
tions. They  are  not  formed  in  the  body  in  health ;  nor  yet  as 
the  result  of  increased  putrefactive  changes  in  the  intestinal 
canal.  They  are  products,  however,  of  bacterial  activity, — of 
bacteria,  differing  widely  in  pathogenic  qualities  ;  their  forma- 
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tion  is  sometimes  unaccompanied  by  that  of  special  poisons 
(ordinary  putrefaction);  it  may,  on  the  other  hand,  be  accom- 
panied by  that  of  very  active  poisons  (cholera).  The  formation 
of  active  poisons  depends  upon  the  character  of  the  organisms,  more 
than  upon  the  conditions  under  which  they  act.  This  being  the 
case,  the  presence  in  the  urine,  of  ptomaines,  such  as  cadaverine 
and  putrescine  has  a  very  special  significance.  It  points  to  the 
presence  of  special  micro-organisms  in  the  alimentary  tract. 

Toxcumic  Symptoms. — /\s  will  be  seen  from  a  study  of  the 
case,  this  conclusion  received  support  from  the  character  of  some 
of  the  symptoms  present  (see  CASE  i). 

The  exacerbations  from  which  the  patient  from  time  to  time 
suffered  presented  all  the  phenomena  of  toxic  poisoning ;  whether 
regard  be  had  to  the  nervous  phenomena — the  sudden  onset  of 
drowsiness,  the  contracted  pupils,  the  slight  fever,  and  the 
sweating,  or  to  the  more  local  manifestations  of  the  action  of 
such  poisons — the  intestinal  disturbance,  and  the  obviously 
increased  destruction  of  blood  which  always  attended  such 
attacks. 

The  latter  was  evidenced,  as  will  be  seen,  by:  (i)  the  high 
colour  of  the  urine,  and  the  appearance  of  urinary  pigments  and 
chromogens  differing  from  those  of  health  ;  (2)  by  excretion  of 
haemoglobin  through  the  kidneys,  and  its  appearance  in  the  urine 
in  the  form  of  granules  of  blood-pigment  ;  (3)  by  increase  of  the 
pigments  in  the  faeces  ;  and  (4)  by  more  marked  lemon  tint, 
from  the  presence  of  pigment  in  the  subcutaneous  fat. 

All  these  phenomena,  viz. : — 

(1)  General  toxic  symptoms,  with  fever  ; 

(2)  Intestinal  disturbance  ; 

(3)  Increased  haemolysis,  shewn  by  high  colour  of  urine 

and  high  colour  of  faeces  ; 

(4)  Profounder  anaemia  ; 

were  so  closely  related  to  one  another,  in  order  of  occurrence, 
and  in  degree,  as  to  suggest  the  closest  possible  relation  between 
them — the  weakness  being  due  to  an  excessive  destruction  of 
blood,  caused  by  the  absorption  of  specific  poisons  from  the  ali- 
mentary tract,  some  of  which  at  the  same  time  caused  general 
toxic  effects. 
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Intestinal  Origin. — That  the  ahmentary  tract  was  the  seat  of 
production  of  these  poisons  there  cannot,  I  think,  be  much  doubt. 
The  intestinal  symptoms  were  always  prominent  on  the  occasion 
of  these  attacks.  Moreover,  Udranzky  and  Baumann,  in  the 
case  of  c)'stinuria  referred  to,  found  the  ptomaines  in  large 
quantity  in  the  fceces. 

Relation  to  Gastric  Lesiojts. —  In  my  case,  I  found  post- 
inortevi,  marked  inflammatory  changes,  both  old  and  recent,  in 
the  mucous  membrane  of  the  stomach.  The  inflammation  was 
localized,  and,  at  certain  parts,  of  the  most  intense  description  ; 
the  changes  in  the  glandular  cells,  and  the  infiltration  with  leuco- 
cytes, recalling  at  once  the  similar  appearances  frequently  pre- 
sented by  glandular  structures,  like  the  kidney,  when  the  seat  of 
a  localized  infection. 

Furthermore,  the  swollen,  pinkish,  translucent  appearance  of 
the  small  lymphatic  glands,  lying  on  the  wall  of  the  stomach 
itself, — under  ordinary  circumstances,  scarcely  visible  to  the 
naked  eye, — pointed  to  some  recent,  as  well  as  chronic  irritation 
in  the  stomach  wall  itself. 

There  was,  moreover,  a  definite  history  of  infection  in  the 
case  (Case  i),  the  patient's  weakness  dating  from  the  time  he 
was  exposed  to  insanitary  influences  (see  p.  227). 

/  am  disposed^  therefore,  to  regard  the  gastric  mucosa  as  the 
seat,  not  only  of  the  primary  infection,  hit  also  of  the  subsequent 
development  of  the  infection  ;  the  affection  of  the  tongue  noted  during 
life  being  probably  of  the  same  nature  as  that  of  the  stomach. 

The  infection  was  favoured,  in  the  first  instance,  by  some 
unhealthy  condition  of  the  stomach  and  tongue.  For  it  is 
interesting  to  note,  that  some  years  previous  to  the  onset  of  his 
illness  he  had  suffered  from  some  affection  of  the  stomach, 
designated  'gastritis';  and  that,  although  the  condition  of 
his  tongue  never  troubled  him  till  after  the  onset  of  his  weak- 
ness, he  expressly  stated,  that  for  some  time  before  he  had 
suffered,  at  times,  from  some  uneasiness  in  the  tongue. 

Successful  ififection,  having  once  occurred  (favoured,  doubtless, 
by  these  conditions),  the  history  tvas  no  longer,  or  even  primarily^ 
one  of  gastric  trouble  ;  but  one  of  steadily  increasing  weakness,  with 
all  the  symptoms  we  have  learnt  to  regard  as  characteristic  of 
perfticious  ancemia. 
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This  conclusion  derives  a  special  interest,  from  its  bearing  on 
the  view  I  have  expressed,  as  to  the  nature  of  the  relation- 
ship between  pernicious  anaemia  and  the  changes  occasionally 
associated  with  it  (p.  49). 

These  changes  include,  amongst  others,  malignant  disease  of 
the  stomach,  atrophy  of  gastric  glands,  gastritis,  degenerative 
changes  in  the  nerve  plexuses  of  the  intestine,  and,  lastly,  the 
presence  of  intestinal  worms.  When  present  all  these  lesions 
have  usually  been  regarded  as  the  cause  of  the  disease. 

With  regard  to  all  of  them,  I  concluded,  that  "as  the 
essential  morbid  change  in  the  disease,  they  could  not  possibly 
be  regarded  " ;  that  "  however  important  atrophy  of  the  gastric 
glands,  and  other  changes  in  the  gastric  mucosa,  may  be  as 
etiological  factors  .  .  .  they  cannot  be  regarded  as  the  essential 
anatomical  lesions  underlying  this  form  of  anjemia "  ;  and  that 
"  malignant  disease  and  other  gastro-intestinal  lesions  are  not 
fitted  in  any  way  to  account  for  the  peculiar  features  of  this,  as 
distinguished  from  other  forms  of  anaemia."  "  With  regard  to 
them  all,  ...  it  is  necessary  to  assume,  that  there  have  been 
superadded  certain  anatomical  changes  essential  to  pernicious 
anaemia,  on  which  the  features  of  pernicious  anaemia  depend." 
That  special  change  I  have  shewn  to  be  an  excessive  destruction 
of  blood,  caused  probably  by  the  action  of  specific  poisons 
absorbed  from  the  intestinal  tract. 

The  evidence  adduced  in  the  foregoing  case  supplements, 
and  also  confirms  the  conclusions  thus  arrived  at.  In  the 
light  of  the  observations  just  recorded,  as  to  the  presence  of 
ptomaines  in  the  urine  for  whose  formation  the  action  of  specific 
micro-organisms  is  necessary,  it  is  justifiable  to  draw  the  con- 
clusion I  now  do,  that  the  special  factor  requii'ed  to  initiate  the 
symptoms  peculiar  to  the  special  disease — pernicious  ancemia — is  the 
presence  under  certain  favourable  conditions  of  organisms  of  specific 
nature  within  the  gastro-intestinal  tract. 

These  conditions  may  I  conceive  be  either  local  and  more 
permanent — malignant  disease,  various  forms  and  degrees  ot 
gastritis,  with  atrophy  of  gastric  glands  ;  or,  general  and  more  re- 
movable—^ specially  unhealthy  condition  of  mucous  membrane 
of  stomach  and  intestine  induced  by  the  presence  of  intestinal 
parasites,  or  by  prolonged  bad  nourishment. 


CHAPTER  XVIII. 


PREVALENCE  AND  SIGNIFICANCE  OF  ORAL  SEPSIS.^ 

Introductory. — After  the  foregoing  observations  the  problem 
which  the  disease  presented  was  mainly  one  as  to  the  nature 
and  source  of  the  infection  pointed  to  in  the  foregoing  work. 

The  particular  kind  of  problem  was  not  one  that  lent  itself  to 
solution  by  direct  studies  (pathological,  experimental,  and  chemi- 
cal) such  as  had  availed  in  former  work. 

To  attack  it  by  direct  bacteriological  studies  implied  : 

(1)  An  elaborate  investigation  of  the  fauna  and  flora  of  the 
whole  digestive  tract  in  cases  of  pernicious  anaemia. 

(2)  For  purposes  of  comparison,  similar  investigations  in  other 
gastro-intestinal  conditions. 

(3)  Experimental  investigation  of  the  virulence  of  the  vari- 
ous organisms  isolated  ;  and  that,  too,  not  only  individually,  but 
in  the  various  possible  combinations  ('mixed  infections')  met 
with  in  the  digestive  tract. 

And  lastly,  presuming  all  these  investigations  to  be  success- 
fully carried  out,  there  was 

(4)  The  certainty,  that  at  the  very  best  the  results  could  only 
be  suggestive,  not  conclusive  ;  since  it  was  quite  impossible  to 
reproduce,  by  experiment,  the  more  or  less  unhealthy  conditions 
of  the  digestive  tract,  possibly  existing  for  many  years,  which 
were  probably  necessary  to  ultimate  successful  infection. 

Great  as  my  interest  in  the  disease  was,  I  did  not  care  to 
enter  upon  such  a  task.  My  later  observations  were  therefore 
made  on  individual  cases  as  they  presented  themselves — 
observations  mostly  of  a  clinical  character,  supplemented, 
however,  by  such  pathological  observations  as  were  possible. 

^  Hunter,  "Further  observations  on  Pernicious  Anaemia — A  Cilronic  Infective 
Disease,"  The  Lancet,  i. ,  1900. 
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The  disease  is  not  common  ;  and  cases  under  personal  ob- 
servation are  necessarily  few  and  far  between.  Moreover,  for 
the  particular  purpose  in  view,  they  were  even  fewer  than  usual  ; 
for  the  only  cases  I  deemed  suitable,  in  the  first  instance,  were 
those  met  with  in  private  practice,  as  distinguished  from  those 
met  with  in  hospital  practice.  In  the  former,  rather  than  in  the 
latter,  the  precise  conditions  as  to  previous  health,  food,  occupa- 
tion, and  general  sanitary  surroundings  could  be  definitely  ascer- 
tained ;  and  any  deviation  from  the  normal  could  be  appraised  at 
its  proper  value. 

It  was  clear  from  my  previous  studies,  and  subsequent  experi- 
ence of  the  disease,  that  some  such  minute  inquiry  into  individual 
cases  was  called  for  ;  that  in  this  way,  rather  than  by  any  process 
of  collective  investigation,  light  might  be  thrown  on  the  mode  of 
origin  of  the  disease.  For  one  of  its  peculiarities,  according 
to  my  experience, — which  differs,  therefore,  notably  from  the 
experience  of  earlier  observers  (see  p.  15), — is,  that  it  is  met  with 
alike  in  the  rich,  and  in  the  poor ;  in  the  well-fed,  as  well  as  in 
the  poorly  nourished  ;  in  the  athletic,  as  well  as  in  the  weakly  ; 
in  the  man  whose  whole  life  has  been  spent  in  the  open  air  of 
the  country,  as  much  as  in  those  living  in  the  less  pure  atmosphere 
of  towns ;  and  in  those  previously  healthy,  as  much  as  in  those 
already  the  subject  of  disease. 

These  facts  appeared  to  me  to  indicate,  that  it  was  not  general 
conditions  of  life  that  were  at  fault,  or  that  could  be  held  respon- 
sible for  the  disease ;  but  that  its  origin  was  rather  to  be  sought 
in  some  special  conditions — rare,  fortunately,  in  incidence — 
common  to  all  classes,  irrespective  of  station,  mode  of  life,  food, 
and  general  surroundings. 

Nature  of  Results. — The  present  observations  are  based  on  a 
series  of  seven  cases  of  pernicious  anaemia  observed  in  private 
practice,  to  which  are  added  five  cases  since  observed  both  in 
hospital  and  in  private  patients.  The  result  has  been  to  draw 
my  attention  to  the  following  points : — 

(1)  The  frequency  of  unusually  cario-necrotic  conditions 
of  the  teeth  in  pernicious  anaimia,  as  an  antecedent  to  the 
onset  of  the  anaemia  (Chap.  XXL). 

(2)  The  occurrence  of  glossitis,  and  stomatitis,  among  the 
first  objective  signs  of  the  disease,  sometimes  as  the  first 
subjective  and  objective  trouble  (p.  204). 
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(3)  The  frequency  of  gastric  symptoms,  (sickness,  retch- 
ing, vomiting)  pointing  to  gastric  trouble  (Chap.  XIX.). 

(4)  "  Septic  "  gastritis  in  pernicious  anaemia  (Chap.  XX.). 

(5)  The  origin  of  septic  gastritis  from  necrotic  and 
suppurating  teeth  (Chap.  XXII.). 

ORAL  LESIONS  MET  WITH  IN  PERNICIOUS  AN^^IMIA. 

The  origin,  and  development,  of  my  interest  in  the  subject 
of  Oral  Sepsis  in  connection  with  pernicious  anaemia  will  be 
afterwards  traced  (Chap.  XXL).  In  all  the  cases  some  morbid 
condition  of  the  mouth  was  present  sufficient  by  its  character  or 
its  intensity  to  attract  special  attention.  The  actual  conditions 
met  with  in  twelve  cases  were  : 

(1)  Marked  cario-necrosis  of  the  teeth,  antecedent  or  existing, 
in  all  cases. 

(2)  Conditions  of  glossitis  or  stomatitis,  characterized  by 
great  tenderness,  presence  of  sores,  or  salivation,  in  seven  cases. 
(Cases  I,  2,  4,  8,  9,  10,  11.) 

(a)  In  no  fewer  than  four  cases,  the  condition  of  the  mouth 
formed  one  of  the  chief  subjects  of  complaint  on  the  part  of  the 
patient  (Cases  i,  2,  4,  and  8). 

(d)  In  nearly  all  cases,  the  morbid  condition  of  the  mouth 
seemed  to  be  connected  with  the  origin  of  the  disease  ;  either  pre- 
ceding the  weakness  (Cases  r,  2,  and  8),  or  being  most  trouble- 
some in  the  early  stage  of  the  disease  (Cases  4,  9,  10,  11).  In 
other  words,  the  condition  was  not  simply  the  result  of  weakness  ; 
on  the  contrary,  it  was  most  marked  at  the  commencement  when 
the  anaemia  was  slight,  and  in  each  case  became  less  marked  as 
the  anaemia  increased. 

(c)  In  two  cases  (Cases  2  and  8),  the  patients  themselves  con- 
nected the  onset  of  their  weakness  in  some  mysterious  way  with 
the  stomatitis.  As  one  of  the  patients  strikingly  put  it,  "  the 
trouble  of  the  mouth  seemed  to  go  right  through  him." 

(3)  In  all  cases,  there  was  evidence  of  gastric  or  intestinal 
trouble,  or  both — discomfort,  sickness,  retching,  vomiting,  diar- 
rhoea ;  and  in  some  cases,  gastritis,  or  gastric  catarrh,  was  proved 
to  exist,  either  during  life  (Cases  8,  10),  or  after  death  (i  and  12). 

(4)  Lastly,  the  possibility  of  any  connection  between  the  oral 
and  the  gastric  conditions  was  elucidated  by  one  case  (Case  7), 
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which  demonstrated  in  the  most  striking  manner  the  origin  of 
"septic"  gastric  catarrh  from  infection  with  the  organisms  of 
dental  necrosis  (see  pp.  231,  235). 

I— The  Significance  of  Dental  Caries  and 
Stomatitis  in  Pernicious  Anaemia. 

In  a  subsequent  section  will  be  fully  considered  the  relation 
between  dental  cario-necrosis  on  the  one  hand, and  "septic"  gastric 
catarrh,  with  general  ill-health,  on  the  other.  What  we  have  now 
to  consider,  is  the  significance  to  be  attached  to  the  oral  con- 
ditions met  with  in  the  foregoing  cases  of  pernicious  anaemia,  and 
their  relation  to  the  anaemia.  To  the  various  morbid  conditions 
of  the  alimentary  canal  (p.  37),  described  as  occasionally  met 
with  in  cases  of  pernicious  anaemia  I  have  now  to  add  certain 
morbid  conditions  of  the  mouth — viz.,  dental  cario-necrosis, 
glossitis,  and  stomatitis.    The  other  morbid  conditions  include  : 

(1)  Atrophy  of  the  mucous  membrane  of  the  stomach  or  of 
the  gastric  glands  and  chronic  gastritis.  (Fenwick,  Nothnagel, 
Nolen,  and  Hunter.) 

(2)  Ulcers  of  the  stomach  and  duodenum.  (Zahn.) 

(3)  Duodenitis.  (Homolle.) 

(4)  Chronic  fibrotic  changes  in  the  colon,  with  more  recent 
hyperemia,  and  superficial  necrosis.    (Morley  Fletcher.^) 

(5)  Cicatrices  of  healed  ulcers,  and  a  little  diphtheritic  exuda- 
tion in  the  large  intestine.    (Hale  White.^) 

(6)  Ulcers  of  colon.    (Biermer,  Bramwell.) 

(7)  Degenerative  changes  in  the  abdominal  sympathetic 
ganglia  (Banti),  or  in  the  nerves  and  ganglia  of  the  intestinal 
walls  (Sasaki). 

(8)  The  presence  of  intestinal  worms  (Baumler,  Reyher,  Rune- 
berg,  Sahli). 

(9)  Cancer  of  the  stomach. 

In  estimating  the  significance  of  these  conditions  in  relation 
to  pernicious  anaemia,  the  standard  of  criticism  I  have  employed 
is  (see  p.  50),  that  only  in  isolated  cases  have  such  changes  been 
found ;  and  that  similar  changes,  sometimes  even  more  marked, 
are  constantly  present  without  any  of  the  features  of  pernicious 

1  Transactions  of  the  Pathological  Society  of  London,  1899. 
'•^  Guy's  Hospital  Reports,  1890. 


204 


PERNICIOUS  ANEMIA. 


anaemia.  I  cannot,  therefore,  regard  them  as  the  causes  of  the 
anaemia,  sometimes  found  associated  with  them.  To  the  oral 
conditions  now  described,  the  same  standard  has  to  be  applied, 
and  with  a  like  result.  Dental  cario-necrosis  is  far  too  common 
to  be  itself  the  cause  of  so  rare  a  disease  as  pernicious  anaemia. 
Stomatitis  and  glossitis,  although  not  so  common,  are  also  too 
common  to  be  the  direct  cause  of  so  rare  a  disease.  I  can- 
not, therefore,  regard  them  as  the  essential  anatomical  condition 
underlying  the  disease,  even  in  the  cases  in  which  they  are 
most  intense.  Nevertheless,  while  they  cannot  be  regarded  as 
causes  of  the  disease,  they  have  a  very  special  significance, 
especially  the  lesions  found  in  the  tongue. 

Their  mode  of  onset,  character,  and  progress,  all,  I  consider, 
denote  their  infective  nature  ;  and  the  special  significance  attaching 
to  them  in  my  mind  is,  that  their  existence  points  to  an  infection 
of  a  definite  character  localized  to  the  alimentary  tract. 

II. — Special  Features  of  the  Glossitis. 

Mode  of  Onset. — The  origin  of  the  stomatitis  or  glossitis 
was  in  all  cases  as  mysterious,  and  sometimes  as  sudden,  as  the 
anaemia  itself  The  conditions  were  not  simply  the  result  of  the 
anaemia.  On  the  contrary,  when  they  were,  by  discomfort  or 
painfulness,  of  a  character  to  attract  the  attention  of  the  patient, 
they  were  generally  noticed  at  the  onset  of  the  disease,  or  early  in 
its  course  ;  in  most  cases,  they  actually  subsided  as  the  anaemia 
progressed.  So  closely  connected  were  they,  indeed,  with  the 
origin  of  the  disease,  that,  in  three  cases,  they  were  among  the 
first  symptoms  noticed,  and  complained  of;  and  in  three  cases, 
the  patients  dated  their  weakness  from  the  onset  of  the  trouble 
in  the  mouth. 

Definite  Character  of  the  Infectiojt. — In  the  first  case  observed, 
(Case  i)  I  was  struck  by  the  curious  character  of  the  sores  on  the 
tongue — localized  inflamed  patches,  sometimes  shewing  vesicles 
filled  with  clear  serum,  situated  under  the  tip  of  the  tongue, 
the  inflamed  areas  shifting  from  time  to  time,  with  atrophied 
appearance  of  the  intervening  mucosa.  The  condition  thus 
described  is  not  one  of  ordinary  stomatitis,  or  glossitis,  such  as 
one  finds  e.g.  as  the  result  of  the  ordinary  oral  sepsis  connected 
with  decayed  teeth.    And  this  appears  to  hold  true  for  my  other 
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cases  described— both  as  regards  the  intensity,  and  the  character 
of  the  glossitis,  and  the  situation  of  the  sores.  Thus,  in  Case  i, 
the  terms  used  to  describe  the  condition  of  tongue  are  :  "  tongue 
extremely  raw  and  tender  "  ;  "  presenting  a  red  and  fiery  appear- 
ance" ;  "tenderness  on  swallowing  extending  down  the  throat  to 
the  stomach,"  likened  by  the  patient  to  that  of  '  swallowing  fire.' 
Nine  months  later,  the  description  was:  "Whole  tongue  tender. 
On  dorsum,  and  along  edges,  patches  of  more  fiery  redness  ;  some 
under  the  tip  of  tongue  shewing  small  inflamed  vesicles  full  of 
serum."  Compare  this  with  the  description  given  by  the  patient 
(Case  3),  of  the  condition  of  his  tongue  for  a  period  of  seven 
months  of  his  illness:  "Tongue  raw  and  tender,  looking  like 
a  piece  of  raw  liver  .  .  .  causing  great  pain."  Or  with  that 
given  by  the  patient  (Case  8),  when  his  illness  began  :  "  Some 
sort  of  painful  sores  in  mouth  under  the  tongue  .  .  .  not  con- 
nected with  the  teeth  .  .  .  causing  great  discomfort,"  of  such 
a  character  and  intensity,  that  his  subsequent  illness  he  de- 
scribed— "  as  if  the  trouble  in  his  mouth  had  spread  down  into 
stomach  and  right  through  him." 

These  are  not  the  characters  of  an  ordinary  glossitis.  They 
suggest  an  infection  more  deep-seated  and  severe. 

'  Periodicity '  of  the  Stomatitis.  Another  notable  feature  of  the 
glossitis  is  what  maybe  termed  its  '  periodicity ' — its  variability 
from  time  to  time,  independent  apparently  of  treatment ;  notably 
its  greater  severity  at  the  outset  of  the  disease,  with  tendency  to 
subside,  or  at  least  to  give  less  discomfort,  as  the  disease  advances. 

This  feature  was  very  noticeable  in  Case  i.  Thus,  the  illness 
was  ushered  in,  (the  autumn  of  1886),  with  sore  throat  and 
diarrhoea,  from  which  time  "  he  continued  to  suffer  at  times  from 
an  inflammatory  condition  of  throat  and  tongue,  and  his  strength 
began  gradually  to  fail."  In  January  1888  :  "With  the  excep- 
tion of  some  congestion  of  the  throat  and  certain  pale  red  spots 
on  the  tongue,  nothing  further  objective  to  be  made  out  "  (note 
by  Sir  T.  Lauder  Brunton).  June  1888:  "Tongue  extremely 
raw  and  flabby,  fiery,  and  tender,  inflamed  patches  with  smooth 
mucosa  between."  March  9th,  1889:  "Tongue  not  so  raw- 
looking.  Presents  a  more  atrophied  appearance,  still  inflamed, 
vesicles  full  of  serum,  whole  tongue  tender,  and  mastication  pain- 
ful and  difficult."  March  20th  :  "  Tongue  lost  its  former  fiery- 
red  appearance,  much  paler,  inflamed  patches  less  marked,  and 
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vesicles  entirely  disappeared."  And  from  this  time  onward  till 
the  death  of  the  patient  two  months  later  the  tongue  ceased  for 
the  first  time  since  his  illness  began,  to  give  him  any  trouble.  It 
continued  to  present  a  smooth,  flabby  appearance  ;  but  the  tender- 
ness on  eating  was  entirely  lost — "he  could  take  all  kinds  of 
food  and  even  condiments  without  the  slightest  discomfort." 

The  same  '  periodicity '  is  noticeable  in  Case  3.  For  a  period 
of  some  seven  months,  (October  1894  to  May  1895)  at  the  com- 
mencement of  the  illness,  the  tongue  was  raw  and  tender,  '  like 
raw  liver,'  causing  great  pain.  When  seen  by  me  (October  1895), 
the  tongue  shewed  nothing  to  attract  attention. 

So  also  in  Case  8.  When  the  illness  began,  (June  1898),  there 
were  painful  sores  under  the  tongue,  causing  great  discomfort. 
When  the  patient  was  seen  in  April  1899,  there  was  nothing  notice- 
ably wrong  about  the  tongue,  although  there  was  constant  saliva- 
tion. During  the  latter  part  of  the  patient's  illness,  (he  died  on 
3rd  December  1899)  "  salivation  occurred  when  he  had  stomatitis  : 
the  latter  was  always  a  bother.  The  mouth  was  always  clammy 
and  uncomfortable." 

The  periodicity  was  no  less  striking  in  Cases  9,  10,  11,  13 
(see  p.  210). 

This  feature — periodicity — recalls  one  of  the  most  striking 
characters  of  the  disease  itself.  There  is  perhaps  no  single 
feature  of  the  disease  more  notable  than  the  mysterious  way  in 
which,  whether  under  treatment  or  not,  it  varies  from  period  to 
period  without  known  cause.  Here,  then,  locally  in  the  mouth 
and  tongue,  one  has  had  occasion  to  note  equally  striking  and 
unaccountable  variations  in  intensity  of  what  is  obviously  a  local 
infective  process — an  intensity  varying  from  a  fiery-red  inflamed 
appearance  of  tongue  with  intense  tenderness,  coming  and  going 
over  a  period  of  several  years,  to  a  condition  seen  for  a  short 
time  before  death,  when  nothing  was  observable  in  the  mouth 
except  a  slight  atrophic  appearance  of  the  tongue,  and  all  kinds 
of  food  and  drink  could  be  taken  without  discomfort  of  any  kind. 
Had  the  patient  been  seen  for  the  first  time  during  the  intervals 
between  such  attacks,  no  one  could  have  judged,  from  the  condi- 
tion of  his  tongue,  that  anything  special  had  been  wrong  ;  the 
only  sequel  of  the  inflammation  being  a  pale  and  atrophied 
appearance  of  the  mucosa  of  the  tongue. 
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This  remarkable  periodicity  I  desire  to  emphasize.  It 
irresistibly  suggests  the  thought,  that  if  an  infective  process  so 
severe  and  distressing  in  its  character  can  affect  one  portion  of 
the  mucosa  of  the  alimentary  canal,  and  yet  disappear  without 
leaving  any  obvious  lesion  or  at  most  a  slight  atrophy,  a  similar 
infective  lesion  affecting  other  portions  of  the  mucosa  of  the  ali- 
mentary tract  lower  down  might  cause  grave  symptoms,  and  yet 
leave  no  obvious  lesion  behind.  In  other  words,  an  infection 
similar  to  that  found  in  the  tongue  may  well  exist  lower  down  ; 
especially  in  the  stomach,  possibly  in  some  cases  in  the  intestine. 

Such  an  infection  of  the  stomach  or  intestine,  or  both,  I  consider 
to  be  the  true  pathogeny  of  this  disease ;  and  to  be  evidenced  by, 
and  accountable  for,  the  most  striking  features  of  the  disease,  viz.: 

(1)  Haemolysis  of  a  special  character  limited  to  the  portal 
area  (p.  187). 

(2)  The  prevalence  of  gastric  and  intestinal  symptoms,  e.g., 
vomiting  and  diarrhoea  during  life  (Chap.  XIX.). 

(3)  The  frequency  with  which  morbid  lesions  when  discover- 
able are  confined  to  the  gastro-intestinal  tract,  especially  to  the 
stomach — gastritis,  atrophy  of  glands,  etc.  (p.  41). 


III. — Frequency  of  Stomatitis  in  250  Cases 
OF  Pernicious  Anemia. 

The  interest  I  attach  to  the  stomatitis  described  is  altogether 
apart  from  any  question  of  its  frequency,  or  of  its  importance, 
qua  stomatitis.  In  the  light  of  these  observations,  it  was  a 
matter  of  interest  to  me  to  examine  the  records  of  cases  with 
special  reference  to  the  conditions  observed  in  the  mouth. 

So  far  I  have  examined  250  cases  ;  and  I  find  references 
to  stomatitis  in  20  cases.  These  are  appended.  Few  as 
the  references  are,  they  are  of  interest,  chiefly  in  respect  of  the 
remarkable  similarity  of  the  appearances  described  by  inde- 
pendent observers  to  those  described  above. 

The  fullest  notes  are  those  of  Laache,  who  found  the  condi- 
tion in  4  cases  out  of  II.  His  description  of  one  of  his  cases 
(No.  3)  might  have  been  written  for  Case  i  of  my  own,  especially 
in  regard  to  the  features  above  described  as  specially  note- 
worthy— viz.,  the  tenderness,  the  excoriations,  and  the  'smooth 
polished,'  or  '  atrophied,'  appearance  subsequently  presented  by 
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the  tongue.  It  is  also  notable,  as  being  the  only  one  where  I 
find  mention  made  of  a  carious  condition  of  the  teeth.  Cases 
(Nos.  4  and  lo)  are  also  noteworthy  in  regard  to  mode  of  onset. 
In  both  cases,  the  condition  of  the  mouth  was  noted  '  at  the  same 
time '  as  the  onset  of  the  illness.  Dr.  Bramwell's  case  is  of 
interest  in  the  same  connection  ;  there  the  condition  of  the 
mouth  preceded  the  illness.  Only  one  observer  (Miiller)  draws 
special  attention  to  the  condition  ;  and  he  was  disposed  to 
regard  it  as  an  effect  of  the  blood  condition.  Eichhorst  thought, 
that  on  account  of  the  pain  it  caused,  it  might  not  be  without 
significance. 

I  do  not  suppose  for  a  moment,  that  the  smallness  of  the 
number  (20  out  of  a  total  of  over  250  cases)  accurately  represents 
the  frequency  of  this  morbid  condition  of  the  mouth.  When 
once  noted,  the  condition  is  so  striking  that  it  is  looked  for  in 
other  cases  ;  thus,  I  note,  that  out  of  a  total  of  20  cases,  other 
than  those  which  have  come  under  my  own  observation,  no  less 
than  13  are  reported  by  four  observers,  of  whom  Miiller  is 
responsible  for  5,  Laache  for  4,  M'Phedran  for  2,  and  Hopkins 
for  2} 

References  to  Stomatitis. 

I.  Miiller  -  (62  cases). 

Cases  20  and  23  :  '  Stomatitis.' 

Case  29  :  "  Complains  of  very  painful  spots  on  the  tongue  which 
render  eating  almost  impossible." 

Case  38  :  "  Small  ulcers  in  mouth  which  make  eating  almost  im- 
possible." 

Case  39  :  "  Stomatitis  (small  ulcers  on  the  tongue  and  on  the  mucous 
membrane  of  the  mouth)." 

Miiller  notes  in  general  with  regard  to  them,  "  that  they  were  very 
resistant  to  local  treatment,  disappearing  spontaneously  or  with  tem- 
porary general  improvement,  to  recur  again  without  special  cause,  caus- 
ing great  discomfort  to  the  patient,  and  great  pain  on  eating  and 
drinking."  He  thought  that  the  stomatitis  probably  had  some  connexion 
with  the  alteration  of  the  blood — that  certain  chemical  products  in  the 
blood,  mixing  with  the  secretion  of  the  mouth,  caused  irritation  and 
ulceration  ;  in  a  manner  similar  to  that  described  by  Mosler  for  the 
parotid  secredon  in  other  diseases. 

'  I  may  add,  that  I  have  seen  ten  cases  of  pernicious  ansemia  in  the  last  nine  months, 
and  have  found  a  well  marked  history  of  stomatitis  or  glossitis,  or  both,  in  every  case. 
2  Die  Progressive  Perniciose  Ananiie,  Zurich,  1877. 
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2.  Eichhorst^  (91  collected  cases)  mentions  the  above  observations 
of  Miiller;  and  concluded  that  sometimes,  possibly  on  account  of  the  pam 
they  caused  "they  were  not  without  significance."  I  find  no  mention 
of  the  mouth  in  any  of  his  own  (7)  cases,  except  one  (Case  6),  where 
he  speaks  of  a  "  bad  taste  in  the  mouth." 

3.  Laache's^  (11  cases). 

Case  i:  "■Post-mortem. — On  the  left  arytenocpiglottidean  fold  a 
round,  greyish-white  raised  spot,  the  si/e  of  a  pea,  resembling  an 
aphthous  erosion,  but  shewing,  on  microscopic  examination,  no  mycelium 
of  oidium  albican.  On  the  back  wall  of  pharynx,  a  slightly  raised 
ulcerating  patch,  the  size  of  a  bean." 

Case  3  :  "  Tongue  smooth,  clean,  without  sign  of  papilke.  It  is  con- 
siderably hacked  at  edges  and  painful  here.  Some  small  excoriations 
in  both  angles  of  the  mouth.  The  teeth  partly  fallen  out,  the  remainder 
very  carious."  Later :  "  He  complained  not  so  much  of  weakness,  as 
of  the  mouth,  which  is  sensitive,  and  tender  (one  sees,  as  before, 
fissures  in  angle  of  mouth ;  the  tongue  is  smooth,  clean,  hacked  at 
edges).  He  mentions  he  has  of  late  lost  all  taste  and  that  he  had 
no  sense  of  smell  for  several  years."  Two  months  later :  "  Tongue 
and  throat  to  a  considerable  degree  smooth  and  polished.^'' 

Case  4 :  The  illness  began  with  sudden  onset  of  diarrhoea.  "  At 
same  time  he  became  '  skinless '  {hautlos)  in  mouth "  (mouth  feeling 
skinned). 

Case  8  ;  "  Tongue  moist,  slightly  furred  :  no  excoriations  here  or  on 
lips." 

Case  10:  History. — "In  course  of  last  winter  and  spring  his 
appearance  became  bad,  and  at  the  same  time  he  had  a  feeling  '  of  a 
'cvound^  in  mouth  and  down  the  throat  which  prevented  him  taking 
anything  but  cold,  fluid,  and  bland  foods." 

4.  Dr.  Hale  White  ^  (29  collected  cases). 

Case  14  ;  "Complains  of  a  coppery  taste  in  the  mouth." 
Case  20  :  "  Tongue  pale  and  flabby,  partly  furred,  pardy  raw  and 
fissured." 

Case  27:  "Vomiting  and  a  burning  sensation  in  the  mouth  with 
epigastric  pain." 

5.  Dr.  Byrom  Bramwell"*  (48  cases). 

Case  43  (1898):  Illness  of  several  months'  duration.  Apparent 
cause,  "  the  patient  herself  blames  mental  worry.  A  year  ago  she  began 
to  be  troubled  with  sore  gums  (inflammation  of  the  gums,  buccal 
mucous  membrane  and  side  of  tongue)." 

^  Die  Progressive  Perniciose  Anatnie,  Leipsic,  1878. 

Die  Andinie,  Chrisliania,  1883.    The  italics  are  mine. 
3  (7«/j  Hasp.  Rep.,  1890. 

*  "  AnjEtnia  and  Diseases  of  the  Blood- funning  Organs,"  Edinburgh,  1899. 

O 


PERNICIOUS  ANvEMlA. 


6.  Hunter  (88  collected  cases  from  the  literature  of  the  subject 
during  the  years  1 890-1 896). 

(1)  "  Subject  to  attacks  of  diarrhoea  at  short  intervals  and 
irregular  vomiting.  The  mouth  sore  and  anus  excoriated."  Arsenic 
always  caused  disturbance  of  stomach  and  bowel  in  a  few  days,  "  with  a 
metallic  taste  and  soreness  of  the  mouth "  and  increase  of  the  anal 
affection.^ 

(2)  A  child,  aged  2  years,  admitted  for  ulceration,  stomatitis,  and 
ansemia.  Exacerbations  in  the  stomatitis^  the  latter  finally  extended,  until 
it  involved  the  alveolar  spaces,  and  caused  the  loss  of  two  or  three  teeth, 
and  the  separation  of  a  sequestrum  three-quarters  of  an  inch  long. 
Post-tnortem. — Stomach  ^'■evidence  of  acute  or  chro?iic  gastritis.'^  - 

(3)  "  Often  vomited.  Stomatitis  ivas  troublesome  and  also 
diarrhoea."  ^ 

(4)  Bleeding  of  the  gums  first  noticed,  then  profuse  nausea. 
"  Tongue  was  clean ;  on  left  side  was  a  deeply  drilled-out  ulcer  which 
accounted  for  some  of  the  blood  which  escaped.  The  gums  were 
spongy  and  bled  on  being  touched."  ^ 

(5)  "  For  some  time  his  mouth  had  felt  very  rough  and  dry." 
Nausea  was  present.^ 

(6)  Case  3  :  "  Tongue  sore  :  vomiting  ;  stools  very  loose." 

(7)  Case  5  :  "  Severe  diarrhoea,  stools  colourless  and  slimy.  Later 
on,  tongue  and  mouth  very  sore." 

Additional  Cases. — Since  the  foregoing  was  written  in  January  1900  I 
have  observed  the  following  additional  cases.  They  serve  to  emphasize 
the  points  above  mentioned  with  regard  to  time  of  onset,  characters, 
periodicity  of  the  glossitis. 

Case  9  :  "  For  a  fortnight,  at  onset  of  illness,  great  soreness  of  tongue, 
necessitating  use  of  a  soothing  mouth  wash."  A  condition  of  extreme 
dental  caries ;  only  six  good  teeth  remaining ;  ten  rotten  stumps  in 
gums ;  other  teeth  absent. 

Case  10  :  Ill-health  began  four  years  ago,  end  of  1896.  In  February 
1897,  sore  throat  with  considerable  pain  on  swallowing,  the  pain  seemed 
to  run  down  into  stomach.  This  lasted  for  fourteen  to  twenty-one  days, 
when  it  disappeared.  Since  then  he  has  had  slight  attacks  of  sore 
throat,  at  varying  intervals,  up  to  the  present  time.  End  of  1897,  first 
had  trouble  with  his  tongue,  slightly  swollen  around  the  edges,  with 
several  longish  patches  of  a  deep  red  colour,  extremely  tender.    A  few 

^  Dr.  M'Phedran,  Medical  News,  Philadelphia,  1890,  pp.  367-368. 

Dr.  Holt,  Medical  Record,  New  York,  1891,  p.  410. 
^  Dr.  M'Phedran,  Internat,  Clinics,  Philadelphia,  1892,  vol.  i.  pp.  39-47. 
■*  Sir  R.  Douglas- Powell,  Clinical fournal,  London,  1893,  vol.  ii.  pp.  241-244. 
^  Dr.  Russell,  Brit.  Med.  Jour.,  vol.  i.,  1894,  p.  29S. 
6  Hopkins,  Gii/s  Hosp.  Rep.,  1895. 
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patches  on  the  dorsum,  less  numerous  and  painful  than  those  on  the 
edges.  Tongue  very  tender,  especially  to  warm  liquids.  It  got  well 
in  about  a  week's  time.  He  has  had  repeated  attacks  of  sore  tongue 
since  then,  about  once  every  two  or  three  weeks,  up  till  the  last  nine 
months;  since  which, they  have  been  slighter, and  at  longer  intervals  (every 
two  months).  Since  beginning  of  this  year,  (1900)  has  hardly  noticed 
anything  wrong  with  his  tongue. 

On  admission,  tongue  slightly  red,  with  a  few  transverse  cracks,  edges 
rather  glazed  on  the  dorsum ;  not  tender.  Gums  swollen  and  inflamed, 
projecting  betwixt  teeth.  Teeth  all  in  a  very  bad  state  of  preservation, 
all  the  incisors  and  canines  loose. 

Under  treatment  with  antiseptic  mouth  wash,  redness  of  tongue  rapidly 
disappeared.  Seven  weeks  later,  tongue  again  became  tender,  red,  shew- 
ing small  red  granulations  on  its  right  edge.  Temperature  at  same 
time  rose  a  little ;  patient  looked  ill.  This  continued  for  nine  days ; 
then  it  lost  its  general  red  colour,  but  continued  to  shew  on  its  edges  a 
number  of  angry  red  spots,  size  of  a  pin's  head. 

Case  it:  Illness  began  two  years  ago;  pallor,  lemon-colour.  Constant 
pain  in  the  stomach  and  side  (over  spleen),  and  periodic  attacks  of 
severe  pain  in  the  mouth,  and  stomach.  At  this  time,  he  was  greatly 
troubled  with  '  a  sore  mouth.'  It  began  by  pain  and  swelling  of  the 
gums ;  the  teeth  became  sharp-edged  to  the  feel,  and  felt  as  if  they  cut 
his  tongue.  In  twenty-four  hours  after  this,  the  tongue  itself  became 
almost  unbearably  sore,  and  on  examination  shewed  big  red  patches  on 
the  dorsum  and  edges. 

His  tongue  felt  "  as  if  it  had  no  covering ;  as  if  it  was  quite  raw,  so 
that  when  I  put  a  piece  of  bread  in  my  mouth,  it  felt  like  sandpaper." 
The  attack  usually  lasted  two  or  three  days,  after  which  the  patient 
could  eat  beef-steak,  or  any  other  food.  The  attacks  came  on  about 
every  three  weeks,  and  were  always  followed,  or  accompanied,  by  gastric 
symptoms.  This  continued  till  Christmas  1899.  He  had  then  three 
very  bad  teeth  extracted,  since  which  time  the  mouth  condition  has 
been  considerably  less.  On  admission  dental  caries  and  suppuration 
while  under  observation.    Several  attacks  of  "sore  tongue." 

Case  13  :  Three  and  a  half  months  after  illness  began,  patient 
noticed  soreness  of  mouth  and  tongue.  The  degree  of  soreness  has 
varied  from  time  to  time  ;  at  times  the  mouth  causes  no  discomfort. 
During  an  attack  the  tongue  "feels  raw,  as  if  it  had  been  cut."  On 
admission  dental  caries  and  stomatitis,  and  slight  glossitis.  (Patient 
died  of  acute  congestion  of  the  lungs  a  fortnight  later.  Fost-mortem, 

the  liver,  spleen  and  kidney,  shewed  typical  pigment  changes  see 

Analysis,  No.  35,  p.  1 01— the  stomach  well  marked  subacute  catarrhal 
gastritis.  No  haemorrhages.  Microscopic  examination  of  organs  not 
yet  completed.) 


CHAPTER  XIX. 


EVIDENCES  OF  GASTRO  INTESTINAL  INFECTION. 

Frequency  of  Gastro-intestinal  Symptoms. — The  symptoms  of 
gastro-intestinal  disturbance  accompanying  this  anaemia  include 
not  only  vomiting  and  diarrhoea,  but  almost  every  variety  and 
degree  of  disturbance — e.£:  indigestion,  anorexia  (sometimes  alter- 
nating with  ravenous  appetite),  nausea,  sickness,  pyrosis,  salivation 
(rare),  acidity,  retching,  vomiting,  gastric  pain,  dilatation  of  the 
stomach  with  splashings,  general  discomfort  over  the  stomach, 
looseness  of  the  bov/els,  diarrhoea,  and  colicky  pains. 

An  analysis  I  have  made  of  a  total  of  279  recorded  cases 
shews  that  the  frequency  of  such  symptoms  is  even  greater  than 
supposed. 


Table  shewing  the  Frequency  of  Gastro-intestinal  Symptoms  in 
279  Cases  of  Pernicious  Ancemia} 


Author. 

Number 
of  cases. 

Number  in  which 
gastro-intestinal 
symptoms  are 
recorded. 

Per- 
centage. 

Eichhorst  (1878),  

Laache  (1883),  

Hale  White  {1890),  

Byrom  Bram well  (1899),  .... 
Hunter  (cases  from  the  literature  of  1890- 

1896),  

Hunter  (1900),  

91 
II 

29 
48 

88 
12 

74 

9 

25 
40 

73 

Il2 

81 
81 
86 
83 

83 
91 

Total, 

279 

232 

84 

^  I  have  not  included  in  this  analysis  the  very  full  and  complete  record  of 
cases  (103  in  number)  given  by  Dr.  Pye  Smith  in  his  article  in  1883  ;  since  this  includes 
not  only  all  the  earlier  cases  recorded  by  Miiller,  and  Eichhorst,  but  also  many  from  the 
records  of  Guy's  Hospital  subsequently  analyzed  in  Dr.  Hale  White's  list  of  cases. 

2  The  exception  was  Case  5.    When  I  saw  him,  early  in  his  illness,  he  had  no 
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The  most  striking  of  these  symptoms  of  gastro-intestinal 
irritation  are  vomiting  and  diarrhoea.  Their  prominence  is  well 
brought  out  by  an  analysis  of  29  cases  from  the  records  of  Guy's 
Hospital.  The  analysis  was  specially  made  by  Dr.  Hale  White, 
in  relation  to  my  conclusions  regarding  the  portal  site  of  the 
haemolysis,  and  the  importance  of  gastro-intestinal  changes. 

Before  admission:  Vomiting,  12  (or  41  per  cent); 
Diarrluva,  10  (34" 5  per  cent.). 

After  admission:  Vomiting,\6{px  55  percent.);  Diarrhooa, 
12  (or  41  per  cent.). 

Dr.  Cabot's  analysis  ^  of  50  cases  (33  of  males  and  17  of 
females) :  Nausea  and  vomiting  in  3 1  cases  (62  per  cent.)  ; 
diarrhoea  in  12  cases  (24  percent.) ;  constipation  in  13  cases, 
and  bowels  regular  in  1 3  cases. 

Gastric  and  Intestinal  Lesions. — I  have  analysed  150  cases, 
and  I  find  that  the  changes  described  in  the  stomach  in  individual 
cases,  (and  these  constitute  a  very  considerable  proportion  of 
those  microscopically  examined),  include  every  stage  of  catarrh  of 
the  mucosa  and  its  effects,  eg., 

hicrease  of  mucus  ;  swelling  of  mucosa  (Laache,  Case  8). 

Punctiform  hcemorrJiages  and  submucous  hcemorrhages 
(Eichhorst,  Case  .4). 

Small-celled  infiltration  around  the  follicles  with  increase  of 
fibrous  tissue,  fatty  changes  in  the  glands,  and  atropJiy  of  the  glands, 
(Fenwick,  Nothnagel,  Nolen,  Hunter,  Mader,  Weichselbaum, 
Holt,  and  Nonne).  The  usual  absence  of  macroscopic  changes 
— eg.  congestion — is,  I  consider,  in  no  way  surprising,  when  the 
extraordinary  bloodless  condition  of  the  tissues  and  organs  in  this 
disease  is  borne  in  mind.  As  a  rule,  microscopical  examination 
alone  can  be  relied  upon  to  determine  the  presence  or  absence 
of  lesions. 

The  changes  found  in  the  intestinal  mucosa  from  time  to 
time  are,  I  find,  of  a  closely  similar  character,  viz. 

HypercBviia  ;  eg.,  "  the  mucosa  of  the  intestine,  the  upper  part 
of  the  jejunum,  the  lower  part  of  the  ileum,  and  the  whole  of  the 

dyspeptic  trouble.  He  recovered  temporarily,  but  relapsed  and  died  a  year  and  a  half 
later.  I  have  no  information  as  to  the  character  of  his  symptoms  during  this  later 
period  of  his  illness. 

i"A  study  of  50  Cases  of  Pernicious  Annemia."  Bost.  Med.  and  Surg.  Jour., 
1896,  pp.  104-107. 
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colon  oedematous  and  swollen,  with  small  haemorrhages  on  the 
edges  of  the  villi "  (Eichhorst,  Case  3). 

(Edema;  enteritis;  erosion;  ulcers;  and  thickening:  e.g., 
"  Crecum  oedematous  ;  one  or  two  blackish  small  spots  on  the 
mucous  membrane  almost  diphtheritic-looking"  (Hale  White, 
Case  13), 

"  Large  intestine  ;  numerous  cicatrices  of  ulcers,  or  ulcers 
newly  healed,  and  a  little  recent  diphtheritic  inflammatory- 
exudation  in  parts  "  {Ibid.,  Case  3). 

"Some  patches  of  injection  of  ileum,  and  the  mucous 
membrane  of  the  large  intestine  irregularly  injected"  {Ibid., 
Case  20). 

"  Chronic  fibrotic  changes  in  the  colon  with  more  recent 
hyperaemia  and  superficial  necrosis"  (Morley  Fletcher). 

Patholog-ieal  Report  on  Case  12.  This  report  is  given  here  in 
full,  since  it  illustrates  the  chief  pathological  features  presented 
by  the  disease.  It  has  proved  to  be  one  of  especial  interest  in 
relation  to  the  pathology  of  pernicious  anaemia. 

Natii7'e  of  exaininatio7i. — I  was  afforded  the  opportunity 
of  being  present  at  the  necropsy,  and  made  the  following 
notes.  I  subsequently  examined,  microscopically,  the  following 
tissues  and  organs — viz..  Blood,  Spleen,  Lymph  glands  (gastric 
and  mesenteric),  Liver,  Kidney,  Tongue,  Gums,  Teeth,  Stomach, 
Small  intestine,  and  Colon  ;  also,  chemically,  the  Liver,  Spleen, 
and  Kidney  for  iron  ;  and,  lastly,  both  microscopically  and 
chemically,  the  Stomach  contents.  The  number  of  sections  so 
far  microscopically  examined  has  been  close  on  200. 

Necropsy. — The  necropsy  was  performed  12  or  15  hours  after 
death.  The  weather  was  cold.  There  were  no post-7nortem  changes. 
The  body  was  fairly  nourished.  The  Blood  was  watery.  The 
Liver  weighed  4  lb.  10  oz.  and  was  fatty;  the  centre  of  the  lobules 
was  pale  and  the  periphery  was  rust-coloured.  A  piece  of  liver 
placed  in  sulphide  of  ammonium  gave  marked  iron  reaction 
(blackening).  The  Gall-bladder  was  filled  with  extremely  deep 
golden-yellow-coloured  bile.  The  mucosa  was  normal.  Kidneys  ; 
the  right  weighed  \\  oz.  and  shewed  a  cicatrix  at  the  lower 
end,  the  result  of  an  old  crush.  The  left  weighed  7  oz.  It  was 
compensatorily  enlarged.  The  Spleen  weighed  5  oz. ;  it  was  red 
and  firm,  not  soft.    The  Stomach  contained  120  cubic  centimetres 
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of  bile-stained  contents,  with  food.  There  was  no  cadaveric 
softening.  The  mucosa  shewed  punctiform  haemorrhages ;  there 
was  considerable  increase  of  mucus.  The  Duodenum  and  Intestine 
contents  were  fluid  and  very  deeply  bile-stained.  The  jejunum 
was  much  dilated  and  the  walls  were  considerably  hypertrophied 
above  the  point  of  narrowing  (from  six  to  seven  feet  below  the 
stomach).  The  mucosa  above  the  stricture  shewed  a  number  of 
irregular  ulcers,  some  of  them  cicatricial,  others  partially  healed, 
and  others  still  shewing  hypergemic  edges.  Elsewhere  the  mucosa 
of  the  intestine,  colon,  and  rectum  shewed  nothing  obviously 
abnormal.  In  the  Gastric  and  Mesenteric  glands  there  were  no 
signs  of  haemorrhages.  Microscopically,  there  was  no  pigment. 
The  Heart  muscle  was  red  and  hyaline;  there  was  no  tabby-cat 
striation.  The  musculi  papillares  of  the  left  ventricle  were  hyper- 
trophied. There  were  a  few  punctiform  haemorrhages  under  the 
epicardium.  The  Toftgue  was  very  soft  on  the  sides ;  there  were 
no  ulcers ;  compound  papillae  on  the  back  part  of  the  dorsum  in 
front  of  the  epiglottis  were  slightly  red  and  prominent.  The 
Tonsils  were  red.  The  (Esophagus  was  normal  in  appearance. 
With  regard  to  the  Teeth,  the  incisors  and  canines  were  small, 
regular,  and  pearly  white,  looking  quite  normal.  The  bicuspids 
and  rn.olars  were  very  bad,  represented  for  the  most  part  by 
necrotic  atrophied-looking  stumps,  the  gums  around  presenting  a 
peculiar,  whitish,  sodden  appearance.  In  the  right  upper  jaw,  the 
first  bicuspid  was  represented  by  a  black  stump,  very  small  and 
atrophied  (10  millimetres  long  by  5  millimetres  wide),  with  a  small 
abscess  sac  of  about  the  size  of  a  pea  at  its  apex.  The  fang  at  the 
apex  was  dead  and  necrosed.  The  second  bicuspid  and  first  molar 
were  represented  by  black  fangs,  the  second  molar  had  a  black 
carious  cavity  in  the  crown,  and  the  third  molar  a  dark  carious 
cavity  on  the  outer  side  of  the  crown.  In  the  jaw,  beneath  these 
teeth,  was  a  large  abscess  sac  13  millimetres  in  diameter,  communi- 
cating by  a  fistulous  sinus  with  the  root  of  the  second  bicuspid  or 
first  molar  above ;  bare  tooth  was  felt  at  the  upper  end  of  the  sinus. 
In  the  left  upper  jaw,  there  was  a  similar  white  sodden  appearance 
of  gums  immediately  around  decayed  roots.  The  wisdom  tooth 
alone  remained ;  the  gum  around  it  was  swollen,  and  at  the  back 
part  was  detached  from  the  tooth.  It  was  red,  granulating,  and 
inflamed ;  the  fang  of  the  tooth  beneath  was  exposed  and  carious. 
On  opening  the  left  Orbital  cavity  a  large  quantity  of  pus  welled  up, 
appearing  at  first  as  if  coming  from  the  orbital  cavity  ;  afterwards 
it  was  found  to  come  from  the  ethmoidal  sinuses.  There  were  no 
subdural  haemorrhages  in  the  Brain.  With  regard  to  the  Uings, 
there  were  subpleural,  punctiform,  hremorrhages  near  the  base.  In 
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the  Marroiv  of  the  long  bones  there  was  transformation  of  yellow 
into  red  marrow. 

Suniinary  of  Results. 

1.  There  were  characteristic  pigment  changes :  viz.  large 
excess  of  iron  in  the  liver  and  kidney,  and  intensely  deep  colour 
of  bile,  denoting  excessive  haemolysis. 

2.  The  percentage  of  iron  in  the  liver,  spleen,  and  kidney 
was : 

Liver,  0360 

Spleen,    ......  0*069 

Kidney,  0'033 

To  shew  the  notable  increase  of  iron  in  the  liver  and  kidney,  I 
append  for  contrast  the  results  of  a  similar  analysis  recently 
made  in  a  case  of  gastric  cancer,  one  of  the  cases  resembling 
pernicious  anaemia  in  the  high  degree  of  lemon  colour,  and 
in  the  absence  of  any  notable  emaciation.  Percentage  of  iron 
in  the  liver,  spleen,  and  kidney  in  this  case  was : 

Liver,      ......  0'022 

Spleen,    ......  0'0i3 

Kidney,  ......  0*003 

3.  The  ordinary  blood  changes  of  pernicious  anaemia,  includ- 
ing the  presence  of  nucleated  red  corpuscles,  in  the  blood,  spleen, 
and  glands. 

4.  Dental  decay  and  necrosis,  with  pus  sacs  at  the  roots  of 
the  teeth ;  collection  of  pus  in  the  ethmoidal  sinuses  ;  and  foul 
granulations  around  a  necrotic  tooth. 

5.  Stomach:  fatty  infiltration,  degeneration,  catarrh,  and 
desquamation  of  the  glandular  cells  (oxyntic  cells  least  affected) ; 
presence  of  cocci  in  the  perivascular  lymphatics  of  the  sub- 
mucosa,  at  certain  parts. 

6.  Intestine:  there  were  no  post-mortem  changes.  There 
were  a  number  of  ulcers  in  various  stages — active,  healing,  and 
healed,  above  the  constricted  portion  of  the  gut.  Elsewhere, 
there  was  thinning  of  the  mucosa.  On  microscopic  examination 
the  cells  of  the  glands  generally  were  normal  ;  here  and  there 
small  areas  of  superficial  inflammatory  necrosis  of  the  mucosa 
due  to  the  presence  of  organisms  ;  at  other  parts  replacement 
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of  glands  by  cicatricial  tissue,  amidst  which  streptococcal  organisms 
were  numerous  ;  and  at  others,  cocci  were  present  in  the  perivas- 
cular lymphatics  of  the  submucosa.^ 

7.  Colon:  there  were  no  post-viorteni  changes.  The  lym- 
phoid elements  of  the  mucosa  were  well  preserved,  and  stained 
normally.  {a)  There  was  extreme  degeneration  of  the 
glandular  cells,  hardly  a  normal  cell  remaining.  The  cells 
were  represented  by  granular  detritus  crowded  with  organisms, 
most  of  them  cocci,  only  a  few  bacilli  ;  {b)  cocci,  both  single, 
and  in  chains,  were  very  abundant  in  the  deeper  parts  of 
the  mucosa  around  the  base  of  the  glands  (they  were  absent 
from  the  superficial  mucosa);  and  at  parts  they  were  very 
numerous  in  the  lymphatics  of  the  submucosa.  Their  strepto- 
coccal nature  in  parts  was  very  obvious. 

8.  Pus  of  ethmoidal  sinus :  "  Staphylococcus  pyogenes  aureus 
and  Bacillus  coli  communis,  the  latter  being  probably  a  post- 
mortem contamination"  (Dr.  Eyre,  Bacteriologist,  Charing  Cross 
Hospital). 

9.  Stomach  contents :  Chemically,  no  free  hydrochloric 
acid  or  butyric  acid.  Lactic  acid  was  present.  Micro- 
scopically, there  were  numerous  organisms,  including  mouth 
bacilli.  All  of  them  were  decolourized  by  Gram's  method,  with 
the  exception  of  a  streptococcus  form  (Streptococcus  longus). 
The  contents  were  deeply  bile-stained,  resembling  closely  in 
appearance  and  character  the  contents  of  the  jejunum.  No 
cultures  were  obtainable  owing  to  excess  of  formalin. 

^  The  areas  of  superficial  inflammatory  necrosis  here  described  were  quite  inde- 
pendent of  the  ulcers  met  with  above  the  point  of  stricture.  They  were  only  recog- 
nizable on  microscopic  examination. 


CHAPTER  XX. 


RELATION  OF  THE  INFECTION  TO  THE  ANEMIA. 

Relation  of  the  Gastric  Infection  to  the  Ancemia. — On  this 
important  point  light  is  thrown  by  the  observations  made  in 
Case  I,  Case  8,  and  Case  12. 

Case  1. — I  had  occasion,  in  Case  i,  to  note  during  Hfe  the 
condition  of  the  mouth  and  tongue,  as  above  described.  In 
that  case,  there  were  no  stomach  symptoms  ;  but  post-mortem, 
subacute  chronic  gastritis  and  atrophy  of  the  gastric  glands 
were  found — lesions  of  the  stomach,  in  short,  identical  with  the 
subacute  and  chronic  inflammatory  changes  noted  in  the  tongue 
during  life. 

Case  8. — In  Case  8,  there  was  an  identical  history  as  regards : 
(i)  the  mode  of  onset  ;  (2)  the  mouth  symptoms,  including  also 
salivation  ;  and  (3)  the  subsequent  progressive  ansemia.  Here, 
however,  an  opportunity  occurred  to  examine  the  watery  vomit 
without  admixture  with  food,  brought  up  from  the  stomach; 
and  I  found  evidence  of  a  most  intense  septic  catarrh,  chiefly 
streptococcal — an  infection  of  the  stomach  causing  gastrorrhoea, 
precisely  as  the  trouble  in  the  mouth  caused  salivation.^ 

The  infection  was  clearly  pathogenic,  not  simply  saprophytic, 
as  was  shewn  by  the  effects  of  treatment.  For  both  the 
gastrorrhoea  and  salivation,  which  had  existed  for  five  months, 
were  in  the  course  of  a  week  brought  incontinently  to  an  end, 
by  the  administration  of  salicylic  acid  as  an  antiseptic. 

^  I  have  repeated  and  confirmed  this  observation  as  to  the  presence  of  streptococcus 
organisms  in  the  vomit  in  three  other  cases:  twice  in  Case  lO.  "Microscopical 
examination  of  the  deposit  after  centrifugahzation  shewed  the  presence  of  bacilli  and 
sarcinte  :  cultivations  from  the  deposit  gave  rise  to  a  growth  of  the  B.  suhtilis  only. 
Examination  of  the  scum.,  or  uppermost  layer,  shewed  the  presence  of  liacilli  (several 
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Further,  the  infection  thus  arrested  in  activity  had  obviously 
some  relation  to  the  ancemia.  For,  following  its  arrest,  the  red 
corpuscles  rose,  in  a  fortnight's  time,  from  1,290,000  (25  per 
cent.)  to  2,200,000  (44  per  cent),  a  difference  of  19  per  cent. ; 
while  the  haemoglobin  rose  from  24  per  cent,  to  46  per  cent.,  a 
difference  of  22  per  cent.  I  feel  justified,  then,  in  concluding, 
that  the  infective  catarrh  in  the  stomach  was  not  simply 
saprophytic — a  complication  resulting  from  the  anaemia  ;  but 
that  it  had  some  causal  connection  with  the  anaemia;  since 
on  its  removal  by  direct  antiseptic  treatment,  so  sudden  and 
remarkable  a  recovery  in  the  blood  took  place. 

In  this  case,  then,  I  conclude,  that  an  infection  of  the  gastric 
mucosa  similar  to  the  infection  in  the  motith  undeiday  the 
pernicious  anmnia ;  and  that  the  progressive  ancemia  was  not  due 
to  the  stomatitis^  or  the  glossitis,  or  even  to  the  catarrh  of  the 
stomach  per  se,  with  their  attendant  disturbances  of  nutrition — 
but  to  the  special  infection  which  underlay,  and  was  the  cause  of 
them  all.  The  stomatitis  and  the  gastritis  were  the  local  lesions 
of  an  infection — probably  of  a  '  mixed  '  character,  chiefly  coccal  ; 
while  the  anaemia  was  the  result  of  the  haemolytic  action  of  the 
poisons  absorbed  into  the  blood. 

Case  12. — The  conditions  found  in  Case  12  also  support 
the  above  conclusion  as  to  the  relation  betwixt  the  anaemia  and 
the  infection — and  extend  them,  moreover,  in  relation  to  the 
probable  oral  source  of  the  infection. 

In  it,  as  in  the  others,  the  anaemia  was  not  due  to  any 
mere  disturbances  of  nutrition  arising  from  the  stomatitis, 
glossitis,  or  any  conditions  of  gastritis,  or  enteritis  present; 
but  to  the  destruction  of  blood  occasioned  by  the  special 
infection.  The  whole  group  of  conditions  in  the  alimentary 
tract  "were  the  local  lesions  of  an  infection,  chiefly  coccal, 
the  anaemia  being  the  result  of  the  haemolytic  action  of  the 
poisons  absorbed  into  the  blood." 

I.  Nature  of  the  Ancemia. — That  the  case  was  one  of  per- 
nicious anaemia  is,  I  consider,  conclusively  proved  by  the 
results  of  chemical  analysis,  shewing  a  characteristic  increase  in 

varieties)  staphylococci,  streptococci,  and  sarcinae.  Cultivations  gave  rise  to  sucii  a 
growth  of  B.  subtilis,  that  no  other  organisms  could  be  isolated."  Dr.  Eyre,  Bac- 
teriologist, Charing  Cross  Hospital.    Case  10,  23rd  Aug.,  1900. 
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the  percentage  of  iron  in  the  liver  (also  in  the  kidney).  Micro- 
scopically, the  pigment  was  found  within  the  liver  cells,  in  the 
outer  zone  of  the  hepatic  lobule,  with  characteristic  fatty 
changes  in  the  centre  of  the  lobule.  The  anaemia  was  thus 
ha^molytic  in  its  nature.    (See  Analysis,  p.  216.) 

2.  Mode  of  DevelopDient. — The  patient  suffered  from  more 
or  less  abdominal  discomfort  from  the  time  of  his  accident  ^  seven 
years  before  ;  without  the  development,  however,  of  any  special 
degree  of  anaemia,  till  the  previous  summer — i.e.  seven  months 
before  his  death.  His  great  pallor  then  became  noticeable ; 
and  he  soon  after  began  to  suffer  from  shortness  of  breath,  and 
palpitation — i.e.  five  months  before  death.  The  conclusion  I 
form,  then,  is  that  at  the  time  of  his  death  he  was  in  his  first 
year  of  illness  from  pernicious  anaemia.  In  his  case,  the 
unhealthy  conditions  of  some  part  or  other  of  the  alimentary 
canal,  which,  according  to  my  studies,  always  precede,  and 
are  necessary  to,  successful  infection,  were  created  in  the 
intestine  above  the  point  of  stricture.  As  shewn  by  the 
character  and  severity  of  his  gastro-intestinal  symptoms  (pain 
and  vomiting),  these  unhealthy  conditions  had  existed  from  the 
time  of  his  accident  seven  years  before ;  and  it  is  exceedingly 
probable  that  some  of  the  healed  ulcers  found  post-mortem 
above  the  seat  of  stricture  were  remains  of  lesions  resulting 
therefrom.  They  did  not,  however,  cause  pernicious  anaemia. 
With  comparative  suddenness,  there  was  super-added  to  his 
general  abdominal  discomfort,  the  feature  of  intense  pallor ; 
with  all  the  symptoms — e.g.  palpitation,  breathlessness,  diarrhoea, 
and  vomiting,  varying  febrile  attacks  (see  Mr.  Barker's  account 
of  the  illness  in  September  1899) — which  are  so  characteristic 
of  pernicious  anaemia.  From  that  time  forward,  what  troubled 
him  most  and  induced  him  to  seek  admission  into  hospital  was 
his  extreme  weakness  and  anaemia,  complicated  by  periodic 
attacks  of  pain  and  vomiting  connected  with  his  intestinal 
condition. 

This  relation  of  events — a  liistory  of  antecedent  gastric  or 
intestinal  trouble  extending  usually  over  many  years,  more  or 
less  suddenly  followed  by  a  rapidly  developing  ancujiiia  out  of  all 

1  The  patient  was  run  over,  and  sustained  an  injury  to  the  jejunum  which  caused 
stricture  at  the  injured  part.    See  History,  Case  12. 
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proportion  to  the  actual  extent  or  severity  of  symptoms  or  lesions 
existing  in  the  stomach  or  intestine— \s,  in  my  experience, 
the  typical  mode  of  development  of  pernicious  anaemia. 
The  more  or  less  suddenness  of  development,  with  the 
extraordinarily  high  degree  of  anaemia  exceeding  anything 
ever  met  with  even  in  the  severest  forms  of  wasting  anaemia — 
these  are  the  clinical  features  which  I  have  come  to  regard  as 
denoting  the  supervention  of  a  new  factor — viz.,  definite  infec- 
tion of  some  part  or  other  of  the  alimentary  canal, 

3.  Evidences  of  Infection. — In  the  present  case,  the  evidences 
of  infection  of  the  mucosa  of  the  stomach,  and  to  a  still 
greater  extent  of  the  mucosa  of  the  intestine  and  colon,  were 
undoubted — notably  : 

(1)  The  small  areas  of  superficial  inflammatory  necrosis 
in  certain  parts  of  the  mucosa  of  the  small  intestine, 
associated  with  presence  of  organisms  confined  to  these  areas, 
and  to  the  lymphatics  of  the  submucosa. 

(2)  The  very  striking  degeneration  and  necrosis  of  the 
cells  of  the  tubules  in  the  colon,  associated  with  presence 
of  organisms  also  confined  to  the  tubules^  and  to  the  sub- 
jacent lymphatics  of  the  mucosa  and  submucosa. 

That  the  invasion  of  the  mucosa  was  no  mere  post-mortem 
phenomenon  I  conclude  from  the  following : 

{a)  In  the  case  of  the  stomach,  in  only  one  part 
examined  was  there  slight  superficial  post-mortem  change 
in  the  mucosa ;  and  at  this  point  no  organisms  at  all  were 
found.  On  the  other  hand,  the  organisms  were  found  in 
the  lymphatics  of  the  mucosa,  at  parts  where  no  post- 
mortem changes  were  shewn. 

(fi)  In  the  case  of  the  small  intestine,  the  cells  of  the 
tubules  generally  shewed  no  change,  and  no  organisms 
were  present  in  them.  On  the  other  hand,  where  the 
organisms  were  present,  they  were  surrounded  by  evidences 
of  inflammatory  reaction— viz.,  nuclear  fragmentation,  and 
necrosis. 

{c)  In  the  case  of  the  colon,  the  organisms  were  confined 
to  the  degenerated  and  necrosed  cells  of  the  glands,  and  to 
the  lymphatics  underlying  them.  They  were  not  present 
amidst  the  lymphoid  tissue  of  the  general  mucosa. 
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4.  Nature  of  Infection. — As  regards  the  nature  of  the  organ- 
isms present,  and  their  relative  importance,  any  decision  from 
their  microscopical  characters  alone  is  naturally  impossible.  The 
contents  of  stomach  and  intestine  were  much  alike  in  character, 
and  both  were  bile-stained ;  so  that  it  is  certain  that  the  ordinary 
intestinal  organisms  (bacillus  coli)  were  present  in  the  stomach 
as  well  as  in  the  intestine.  In  the  mucosa,  and  especially 
within  the  lymphatics,  however,  the  organisms  present  were  not 
bacilli,  but  cocci,  and  especially  streptococci  (Zeiss,  oil  im- 
mersion) ;  and  a  streptococcus  was  also  present  in  the  stomach 
contents.  As  this  organism  is  undoubtedly  pathogenic,  I  am 
disposed  to  attach  to  it  the  chief  importance.  The  infection 
of  the  mucosa  was  chiefly  coccal  and  streptococcal. 

5.  Source  of  Infection. — On  this  point — the  one  which  will 
be  dealt  with  in  the  next  chapter  —  no  information  was 
forthcoming  from  the  history  of  the  patient.  He  was  too  ill 
to  be  questioned.  He  had  been  well  fed,  and  had  lived 
amidst  healthy  surroundings.  With  regard  to  any  dental  or  oral 
trouble,  his  wife  stated,  in  reply  to  inquiry,  that  he  had  not  suffered 
in  that  respect.  The  examination,  necessarily  of  a  cursory  char- 
acter— made  a  few  hours  before  his  death,  when  he  was  already 
sinking — seemed  to  bear  out  this  statement.  For  the  front  teeth, 
shewn  on  opening  his  mouth,  seemed  exceptionally  good  and 
healthy — so  much  so  that  the  case  appeared  to  be  one  affording 
no  support  to  conclusions  I  had  been  led  to  regarding  the 
prevalence  of  decayed  teeth,  and  their  importance  as  a  possible 
source  of  pyogenic  infection,  in  pernicious  anaemia  (p.  227). 

As  it  turns  out,  the  case  is  a  rather  remarkable  one  in  this 
relation.  For  at  the  autopsy  the  very  reverse  was  found  to  be  the 
case  necropsy.  The  front  teeth  alone  were  good.  The  re- 
mainder were  mostly  represented  by  black  roots  lying  in 
white  sodden  gums.  At  the  roots  of  these,  in  one  side  of  the 
jaw  alone,  were  two  abscess  sacs,  the  larger  the  size  of  a 
small  hazel  nut.  Moreover,  on  opening  the  left  orbital  cavity, 
pus  welled  out  in  quantity  from  the  ethmoidal  sinuses. 

Of  this  condition  of  mouth  or  nose,  there  was  not,  be  it 
noted,  the  slightest  suspicion  during  life,  and  not  the  slightest 
symptom.  This  was  one  of  the  points  which  had  specially 
arrested  my  attention  in  previous  observations.    I  considered  it 
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"  all-important  in  all  cases  of  commencing  anaemia  that  special 
attention  should  be  directed  to  the  condition  of  the  teeth  .  .  . 
by  removal  not  only  of  old  stumps,  but  also  of  all  black  teeth, 
and  of  teeth  shewing  commencing  cario-necrosis  .  .  .  these  pre- 
cautionary measures  being  necessary,  irrespectively  of  any  state- 
ments made  by  the  patient  as  to  the  degree  of  discomfort  his 
teeth  are  causing.  For  in  no  single  case  observed,  however  bad 
I  found  the  teeth  to  be,  was  my  attention  drawn  to  the  teeth  by 
the  patient,  or  any  complaint  made  of  them  by  him.  There  is  a 
stage  in  pyogenic  conditions  as  in  other  forms  of  infection,  when 
local  reaction — e.g.  pain  or  inflammation,  is  absent  or  insignificant, 
at  the  very  time  when  the  general  septic  effects  are  most  marked," 
The  case  just  recorded  fully  bears  out  the  correctness  of 
these  statements.  Without  occasioning  the  slightest  local  dis- 
comfort, there  existed  a  profoundly  septic  condition  both  of  jaw 
and  ethmoidal  sinuses.  How  long  these  decayed  teeth  had 
existed,  there  are  no  means  of  knowing.  But  one  notes  with 
interest  the  statement  in  his  history,  that  "  he  had  always  suffered 
from  '  heartburn  ' ;  worse  since  the  accident,"  a  symptom  denoting 
the  existence  of  chronic  gastric  catarrh.  The  close  relationship 
between  dental  cario-necrosis  and  gastric  catarrh  is  a  subject 
that  will  be  fully  considered  in  a  subsequent  chapter.  The  two 
conditions  are  precisely  those  most  favourable  to  infection  of 
the  mucosa  of  the  stomach  ;  and  ultimately,  if  the  conditions  be 
favourable,  as  in  the  present  case,  to  infection  of  the  intestine 
lower  down.  For  on  the  one  hand,  there  is  diminished  resistance 
on  the  part  of  the  stomach,  from  the  diminished  acidity  of  gastric 
secretion  consequent  on  the  catarrh ;  while  on  the  other  hand, 
there  is  increase  of  dose  from  continuous  swallowing  of  pus 
organisms  from  the  necrotic  teeth.  In  the  present  case  both 
these  conditions  were  met.  The  patient  had  sepsis  of  the  mouth  ; 
and  the  gastric  condition  preceding  his  anaemia  was  probably 
the  one  that  I  have  designated  septic  gastritis  (Chap.  XXII.). 

The  relations  of  events  in  the  case  may  then  be  summarized 
as  follows : — 

1.  A  man,  temperate,  well  fed,  and  living  in  healthy  sur- 
roundings. 

2.  Bad  teeth,  at  no  time  occasioning  local  discomfort,  even 
when  they  caused  alveolar  abscesses. 
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3.  Always  suffered  from  '  heartburn,'  denoting  chronic  gastric 
catarrh — probably  '  septic'  gastritis. 

4.  Accident  causing  stricture  of  jejunum,  with  more  or  less 
severe  abdominal  and  gastric  symptoms  lasting  six  years,  yet 
without  ancBinia. 

5.  More  or  less  rapid  supervention  of  the  features  of  per- 
nicious anaemia,  nine  months  before  death. 

6.  Post-mortem — (i)  Dental  decay  with  alveolar  and  ethmoidal 
suppuration  ;  and  (2)  definite  infection  (coccal  and  streptococcal) 
of  the  mucosa  of  the  intestine  and  colon,  causing  localized 
catarrhal,  inflammatory,  and  necrotic  changes  of  the  mucosa  of 
intestine — and  similar  though  less  marked  changes  in  the  mucosa 
of  the  stomach. 


PART  V.-ETIOLOGY. 


CHAPTER  XXI. 
GENERAL  ETIOLOGY. 

We  have  now  to  consider  the  probable  source  of  the  infection 
pointed  to  by  the  preceding  observations. 

On  this  point  the  evidence  available  is  extremely  limited, 
confined  as  it  is  to  the  observations  on  the  cases  which  have 
been  described.  For  the  disease  has  hitherto  been  examined, 
and  studied,  solely  with  reference  to  its  relations  to  the  usual 
causes  of  anaemia — such  as  loss  of  blood,  pregnancy  and  child- 
birth, wasting  discharges  (diarrhoea),  bad  nourishment,  and 
unhealthy  surroundings.  It  is  under  these  headings  that  its 
etiology  has  been  discussed,  and  beyond  these  nothing  further 
has  been  investigated. 

General  Etiology.  —  In  my  own  mind  no  fact  stands  out 
more  clearly,  in  connection  with  the  etiology  of  the  disease,  than 
that  none  of  the  above  conditions  can  of  themselves  produce 
the  disease  of  pernicious  anaemia,  with  all  its  characteristic 
haemolytic  changes. 

In  the  first  place,  I  would  point  to  the  confusion  which 
exists  as  to  the  importance  of  these  so-called  '  causes.'  The 
same  conditions — e.g.  diarrhoea  or  vomiting — are  arbitrarily 
regarded  as  causes  or  as  effects,  according  to  their  prominence, 
or  their  severity.  Sometimes  they  are  regarded  as  both  cause 
and  effect.  This  is  well  illustrated  in  the  grouping  adopted  by 
Eichhorst,  and  since  generally  accepted.  Eichhorst  grouped  his 
cases  (91  in  number)  etiologkally  under  two  headings  : 

I.  'Primary'  pernicious  anaemia  (24  in  number)  where  no 
cause  was  discoverable. 
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II.  'Secondary'  pernicious  anaemia  (67  in  number)  caused 
by— 

(1)  Pregnancy  and  childbirth,       .       .  29 

(2)  Vomiting  and  diarrhoea,  ...  24 

(3)  Loss  of  blood  and  discharges,  .       .  7 

(4)  Unhealthy  surroundings,  ...  7 

The  impression  this  last  group  naturally  conveys  is,  that  in 
only  24  out  of  67  cases  were  diarrhoea  and  vomiting  sufficiently 
prominent  to  excite  attention,  or  be  regarded  as  causes.  Never- 
theless, on  examination  of  the  records  of  the  remaining  43  cases 
of  Group  II.  assigned  to  other  '  causes,'  I  find  that  vomiting 
or  diarrhoea,  or  both  (sometimes  uncontrollable  in  degree),  or 
other  gastro-intestinal  disturbances,  were  prominent  features  in 
no  fewer  than  34  cases — just  as  prominent,  indeed,  as  the  special 
condition  selected  to  be  the  *  cause.'  In  other  words,  a  total  of 
58  cases  out  of  67,  (86  per  cent),  might  have  been  as  reason- 
ably assigned  to  gastro-intestinal  disturbance  as  to  '  causes ' 
I,  3,  and  4. 

And  even  with  regard  to  the  24  cases  of  Group  I.  which  he 
regarded  as  'primary,'  without  any  cause,  one  finds  digestive 
troubles,  diarrhoea,  and  vomiting  (sometimes  very  marked  in 
degree),  mentioned  in  the  records  in  no  fewer  than  16  cases 
(67  per  cent.). 

These  facts  appear  interesting,  not  because,  in  my  judg- 
ment, they  point  to  gastro-intestinal  disturbance,  any  more  than 
to  pregnancy  or  any  of  the  other  stated  conditions  as  the 
'cause'  of  the  disease,  but  that  they  denote  the  unsatisfactory 
character  of  our  present  knowledge  of  the  real  '  etiology '  of 
the  disease.  When  it  comes  to  be  a  mere  question  of  degree, 
whether  a  condition  is  considered  to  be  a  cause  or  only  a 
symptom  of  one  and  the  same  disease,  it  is  obvious  that  know- 
ledge is  unsatisfactory. 

My  own  conclusion  is,  that  in  all  cases,  these  gastro-intestinal 
disturbances,  however  slight  or  however  prominent,  are  of  the 
same  character  as  the  blood  changes — viz.,  effects  of  the  disease 
underlying  the  anaemia.  So  far  as  the  above-mentioned  etio- 
logical factors  are  concerned,  the  whole  question  of  the  etiology 
of  the  disease  is  thus  a  completely  open  one. 

The  ordinary  factors  causing  ancBmia,  however  intense  they  may 
be,  are  not  in  my  experience  capable  of  causing  pernicious  ajicemia. 
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Addison's  original  conclusion  on  this  point,  as  opposed  to  the 
widely  different  one  arrived  at  by  Biermer,  and  accepted  by  most 
observers  (see  p.  15),  has  in  my  judgment  proved  to  be  the 
correct  one. 

Special  Etiology. 
The  disease  has,  I  consider,  a  special  etiology  underlying  it. 
The  conclusions  I  have  come  to  are : 

1.  Pernicious  anaemia  is  a  chronic  infective  disease, 

2.  It  is  the  result  of  a  special  infection  of  the  digestive  tract, 
especially  of  the  stomach  ;  frequently,  also,  although  to  a  less 
degree,  of  the  mouth,  and  of  the  intestine. 

3.  The  chief  source  of  the  infection  is  oral  sepsis,  arising  in 
connection  with  long -continued  and  neglected  carlo -necrotic 
conditions  of  teeth ;  sometimes,  possibly,  arising  from  other 
causes,  e.g.  drain  poisons. 

4.  The  result  of  this  infection  is  a  chronic  infective  lesion  of 
a  portion  of  alimentary  tract  —  mouth,  stomach,  or  intestine, 
healing  up  in  one  part,  and  then  spreading  to  another,  causing 
in  time  deeper  seated  changes,  e.g.  ulcers  of  the  mouth  and 
tongue,  chronic  glossitis  and  atrophic  changes  in  the  tongue, 
and  chronic  gastritis  with  atrophy  of  gastric  glands. 

Oral  and  Gastpie  Sepsis  in  Pernicious  Anaemia. 

That  a  disease  so  rare  as  pernicious  anaemia  should  prove 
to  be  a  chronic  infective  disease,  still  more  that  it  should  appear 
to  have  any  connexion  with  a  condition  so  common  as  cario- 
necrosis  of  the  teeth,  may  well  excite  surprise.  For  the  former 
conclusion  my  former  observations  had  already  prepared  me. 
For  the  latter,  I  was  quite  unprepared;  and  its  gradual  develop- 
ment— for  it  has  been  very  slow  and  gradual — may  be  best 
traced  by  giving  a  brief  summary  of  the  cases  in  the  order  in 
which  they  occurred.  The  fuller  details  will  be  found  in  the 
Cases  afterwards  given. 

Case  I  (1888}.— This  was  a  case  of  pernicious  anjemia  in  a 
man  of  59  years  of  age.  There  was  a  history  of  '  gastritis  '  six 
years  previously.  The  origin  of  the  illness  was  referred  to  a 
definite  exposure  to  bad  drains  three  years  before,  causing  at  the 
time  sore  throat  and  diarrhoea,  and  followed  by  a  constantly  recur- 
ring inflamed  condition  of  the  throat  and  tongue,  and  by  increasing 
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debility.  The  teeth  were  loose,  and  the  gums  spongy.  There  were 
tender,  inflamed  sores  under  the  tongue,  and  chronic  glossitis. 
Retching  and  vomiting  were  present  in  the  earliest  stages  of  the 
illness,  but  in  later  stages  they  were  absent.  The  blood  shewed 
950,000  of  red  corpuscles  (or  19  per  cent.)  per  cubic  millimetre, 
and  hemoglobin  20  per  cent.  There  were  well-marked  toxemic 
attacks,  marked  by  fever,  sweatings,  looseness  of  bowels,  and  intense 
urobilinuria.  The  post-mortem  examination  detected  chronic  and 
subacute  gastritis,  and  typical  pigment  changes  in  the  liver  and 
kidneys.    Duration  three  years. 

It  was  this  case  that  first  drew  my  attention  to  the  mouth 
as  a  possible  source  of  infection,  and  particularly  to  the  tongue 
{y.  antea,  p.  198).  The  condition  of  the  teeth  and  the  gums 
was  noted  as  a  part  of  the  routine  examination,  but  it  made 
no  special  impression.  If  thought  of  at  all,  it  was  put  down 
to  weakness. 

Case  2  (1894).  —  A  man,  aged  42  years,  with  a  history  of 
growing  pallor  for  four  years.  The  origin  of  his  illness  was  re- 
ferred by  himself  to  a  change  of  tooth-plate.  He  had  a  new  set  of 
upper  teeth  fixed  in  a  gold  plate,  which  tarnished  and  tasted  '  like 
pennies,'  and  caused  'acidity'  from  the  first  day  he  used  them. 
Then  followed  progressive  weakness,  vomiting  of  food,  nervous 
disturbances,  numbness  and  tingling  in  hands  and  feet,  loss  of 
knee-jerks,  wasting  of  certain  muscles,  a  toxcemic  attack  marked  by 
delirium,  constant  vomiting,  and  general  oedema.  Under  corrosive 
sublimate,  there  was  a  rapid  recovery  in  three  months'  time,  and  the 
patient  remained  well  for  two  years.  Then  came  a  relapse,  with 
sickness  and  biliousness,  fever,  and  looseness  of  the  bowels.  The 
blood  shewed  1,800,000  (or  36  per  cent.)  red  corpuscles  per  cubic 
millimetre,  and  haemoglobin  38  per  cent. 

This  case,  striking  as  it  was,  failed  to  attract  any  special 
attention  to  the  mouth  or  the  teeth.  I  have  no  note  of  the 
condition  of  either.  The  absence  of  any  note  about  the  tongue 
may  be  taken  as  indicating,  that  nothing  special  was  observed 
in  its  condition.  As  regards,  however,  the  previous  condition  of 
the  teeth,  the  fact  that  already  at  the  age  of  38  years,  (four 
years  before),  he  required  a  new  set  of  false  teeth  for  the  upper 
jaw,  speaks  more  eloquently,  perhaps,  than  words  could  do. 

Case  3  (1895).  —  A  gentleman,  aged  50  years,  whose  previous 
health  had  been  good.  The  origin  of  his  illness  dated  from  '  influenza ' 
two  years  before  (in  1893),  followed  by  another  attack  a  year  later 
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(in  1894),  and  then  by  loss  of  appetite  for  both  food  and  drink. 
After  1893,  he  constantly  complained  of  a  faint,  weak  feeUng  in  the 
stomach.  There  was  temporary  improvement  from  December  1894 
to  May  1 895.  Between  October  1894  and  May  1 895  the  tongue  was 
raw  and  tender,  '  like  raw  liver,'  causing  him  intense  pain.  There 
were  also  toxcemic  attacks,  and  acute  relapses  of  fever  with  disturb- 
ances  of  liver,  also  sickness  and  vomiting  and  gastric  pain.  The 
blood  shewed  1,860,000  (or  37  per  cent.)  red  corpuscles  per  cubic 
millimetre,  and  hemoglobin  54  per  cent.  No  note  as  to  the  con- 
dition of  the  teeth  was  taken  at  the  time  I  saw  him ;  but  it  was 
subsequently  learnt  that  he  had  bad  teeth,  with  occasional  neuralgia 
—seldom  toothache.  Latterly  he  would  discover  that  a  tooth  was 
loose,  and  could  be  drawn  out  without  the  slightest  force  or  trouble. 
The  duration  of  the  illness  was  about  two  and  a  half  years. 

Case  4  (1896).— The  patient,  aged  56  years,  a  country  gentle- 
man, active  and  athletic.  There  was  a  history  of  increasing  weak- 
ness, with  intermittent  periods  of  betterment  for  two  and  a  half 
years ;  specially  marked  for  the  previous  three  months.  The  tongue 
was  soft,  clean,  moist,  and  not  indented.  The  teeth  were  very  bad, 
black,  and  decayed  in  both  fangs  and  crowns.  The  stomach  was 
dilated,  with  splashings  and  flatulence.  There  was  no  sickness, 
but  uneasiness  and  discomfort.  The  patient  had  diarrhoea  five  or 
six  times  daily,  with  very  offensive  stools.  There  were  nervous 
symptoms,  numbness,  tingling,  loss  of  knee-jerks,  and  ataxia.  The 
illness  ended  fatally.  The  blood  shewed  760,000  (or  15  per  cent.) 
red  corpuscles  per  cubic  millimetre,  and  haemoglobin  18  per  cent. 
The  duration  of  the  illness  was  two  and  a  half  years. 

It  was  this  case,  that  first  particularly  directed  my  atten- 
tion to  the  teeth.  The  case  was  a  typical  one  in  its  mode 
of  origin — steadily  increasing  weakness,  in  a  man  previously 
strong  and  athletic,  living  a  country,  open-air,  life,  surrounded 
by  every  comfort,  without  exposure  to  any  source  of  drain 
or  sewer  poisoning.  What  chiefly  directed  attention  to  the 
teeth  in  this  case,  was  not,  perhaps,  so  much  that  they  were 
bad — although  a  blacker,  and  worse,  mouthful  of  teeth  one  had 
seldom  seen — as  wonder,  that  anyone  in  this  patient's  station  of 
life,  with  his  comforts  and  surroundings,  should  have  allowed  his 
teeth  to  get  into  such  a  condition.  Apart  from  the  blood  changes 
and  their  effects,  which  were  very  marked,  the  condition  of  the 
teeth  was  practically  the  only  objective  sign  of  disease  that  he 
presented.  It  was  difficult  to  believe,  that  they  could  be  the 
result  of  the  disease ;  and  the  question  arose,  for  the  first  time, 
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whether  they  could  have  had  anything  to  do  with  causing  the 
disease.  Locally,  in  the  mouth,  there  was  no  other  sign  of 
disease  ;  and  except  for  a  dilatation  of  the  stomach,  with  an  ill- 
defined  sense  of  discomfort,  there  was  nothing  special  to  point 
to  disorder  of  the  stomach.  The  only  symptom  of  disorder  of 
the  digestive  tract  was  the  diarrhoea,  which  was  marked  by  par- 
ticularly offensive  stools.  My  suspicions  might  prove  to  be  quite 
groundless  ;  but  I  resolved  henceforth  to  note  the  condition  of 
the  teeth  in  all  cases  coming  under  my  notice. 

Case  5  (1896). — A  clergyman,  aged  51  years,  whose  previous 
health  had  been  good,  for  he  had  never  had  any  illness  till  the 
present  time.  Its  origin  was  undefined.  There  was  no  history 
of  drain  poisoning ;  but  there  had  been  increasing  weakness 
for  twelve  months,  especially  the  last  four  months.  There  was 
no  history  of  indigestion,  sickness,  or  vomiting,  and  the  freedom 
from  these  symptoms  continued ;  at  most  there  was  slight  flatulence. 
The  tongue  was  clean,  but  not  specially  smooth,  and  with  nothing 
abnormal.  Of  the  teeth,  two  or  three  were  exceedingly  bad,  three 
being  black  rotten  stumps  in  the  lower  jaw.  There  was  no 
diarrhoea.  Urobilinuria  was  present.  The  patient  made  a  tem- 
porary recovery,  but  a  relapse,  followed  by  death  (21  months  later), 
ensued.    Duration  of  illness  two  years  and  nine  months. 

This  case,  coming  as  it  did  within  a  fortnight  of  the  previous 
one,  served  further  to  direct  attention  to  the  teeth  ;  for  here  also, 
the  teeth  were  the  only  diseased  part  of  the  organism,  apart  from 
the  blood  changes  and  their  effects.  There  was  no  local  trouble 
in  the  mouth  ;  but  the  teeth  were  so  bad,  that  if  the  patient  had 
not  been  so  weak,  I  should  have  had  them  all  removed  at  once. 

Case  6  (1898). — A  man,  aged  52  years,  with  history  of 
indigestion  and  poor  appetite.  The  patient  had  been  ill  with 
anaemia  six  months  before  (in  1897),  without  sickness,  but  with 
irregularity  of  bowels,  diarrhoea  at  times,  and  slight  fever.  The 
tongue  was  clean  but  flabby.  The  teeth  were  very  bad,  and 
covered  with  tartar  and  sordes.  Three  upper  molars  were  gone, 
but  the  roots  were  left,  and  one  of  them  was  loose,  and  could  be 
pulled  out  with  the  finger.  The  breath  was  very  bad,  the  digestion 
was  very  feeble,  and  the  bowels  were  irregularly  loose.  Towards 
the  end  of  the  illness  there  was  gastric  pain  on  eating.  The  case 
ended  fatally.  The  blood  shewed  1,390,000  (or  27  per  cent.)  red 
corpuscles  per  cubic  millimetre,  and  hgemoglobin  34  per  cent.  The 
duration  of  the  illness  was  about  nine  months. 
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In  this  case  there  was  a  history  of  chronic  indigestion,  very 
bad  teeth,  very  feeble  digestion  ;  then,  more  or  less  suddenly,  pro- 
found anaemia  with  gastric  pain  and  irregular  looseness  of  bowels. 

The  next  case  of  interest  in  this  relation  was  not  one  of 
pernicious  anaemia,  but  of  subacute  gastritis,  caused,  and  kept 
up,  by  three  suppurating  teeth,  and  permanently  cured  by 
removal  of  these  teeth. 

Case  7  (1898).— Subacute  gastritis  in  a  lady  aged  62  years. 
The  patient  suffered  from  severe  intermittent  sickness,  and  gastric 
pain  necessitating  the  use  of  morphia,  of  eight  months'  duration,  with 
loss  of  weight,  and  increasing  weakness.  Cancer  was  suspected,  but 
on  examination  no  sign  of  malignant  disease  was  found  in  the 
stomach,  the  abdomen,  the  rectum,  or  the  uterus.  Constant  com- 
plaint was  made  of  a  bitter  taste  in  the  mouth,  nausea,  with  loath- 
ing and  distaste  for  all  food.  The  tongue  was  coated  with  a  dirty 
moist  fur.  The  patient  had  false  teeth  both  in  the  upper  and  the 
lower  jaws.  The  plates  were  scrupulously  clean,  and  the  gums 
beneath  the  plates  were  perfectly  healthy.  There  were  only  four 
teeth  in  the  jaws,  three  of  them  decayed,  suppurating  around  the 
roots,  with  pus  welling  up  on  pressure.  There  was  no  other  sign  of 
disease.  A  provisional  diagnosis  was  made  of  gastritis  caused  by 
continual  swallowing  of  pus.  The  stumps  were  ordered  to  be 
removed.  A  week  later,  the  tongue  was  clean,  the  sense  of  taste 
returned  for  the  first  time  for  eight  months,  and  there  had  been 
only  one  attack  of  gastric  pain.  In  another  week,  there  was  a 
return  of  the  sickness,  with  vomiting  and  pain  and  slight  fever. 
The  vomit  obtained  two  weeks  later  was  watery,  with  rusty 
flakes  consisting  of  mucus,  fibrin,  catarrhal  cells,  leucocytes,  and 
blood,  the  whole  being  loaded  with  streptococcus,  and  staphy- 
lococcus (pus)  organisms,  and  a  few  bacilli.  A  diagnosis  was  made 
of  infective  ('septic')  catarrh.  As  a  local  antiseptic,  three  grains  of 
salicylic  acid  were  given  thrice  daily,  peptonized  milk  as  food,  and 
counter-irritation  was  applied.  There  was  complete  cessation  of  all 
pain,  and  a  steady  recovery,  from  that  time  onward.  When  the 
patient  was  first  seen,  her  weight  was  9  st.  10  lb.,  and  a  month 
later  (after  her  illness)  it  was  9  st.  6  lb.  Two  months  later 
it  had  increased  to  10  st.  6  lb.  She  reported  herself  well,  and  she 
has  since  remained  well  (two  years). 

Up  to  this  time,  my  suspicions  regarding  the  teeth  were  only 
suspicions.  Knowing  how  infective  the  organisms  of  dental 
caries  were,  such  unhealthy  teeth  seemed  to  me  to  be  possible 
sources  of  infection.    I  had  had  no  proof  that  infection  from 
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decayed  suppurating  teeth  might  be  the  direct  cause  of  gastritis. 
This  case  was,  therefore,  a  particularly  striking  one  in  this 
relation.  Had  the  teeth  as  a  whole  been  very  bad — e.g.  a 
number  of  rotten  stumps  amidst  a  few  fairly  good  teeth,  the 
condition  one  so  often  meets  with  both  in  private,  and  still 
more  in  hospital,  practice — and  had  they  been  all  removed,  and 
replaced  with  good  artificial  teeth,  it  would  have  been  difficult 
to  say,  whether  the  resulting  improvement  was  due  to  removal 
of  the  teeth  as  soujxes  of  infection,  or  to  improved  appetite,  and 
better  mastication.  As  it  was,  I  made  no  change  as  regards  her 
powers  of  mastication.  The  only  change  made  was  the  removal 
of  the  three  suppurating  teeth,  which  had,  the  patient  said,  never 
caused  her  any  trouble;  indeed,  she  regarded  them  as  'old  friends,' 
whose  loss  she  greatly  deplored.  She  said  that  "  she  had  had 
them  like  that  for  twelve  months  or  more  " — her  gastric  trouble, 
be  it  noted,  extending  over  the  same  period  of  time. 

One  was  able  to  demonstrate  further  in  this  case,  not  only 
(i)  the  septic  nature  of  the  gastric  catarrh — the  catarrhal  exuda- 
tion vomited  being  loaded  with  pus  organisms  ;  but  also  (2)  its 
permanency,  since  the  condition  continued  three  zveeks  after 
removal  of  the  suppurating  teeth. 

Case  8  (1899). — A  man,  aged  53  years,  whose  health  up  to 
June  1898  had  been  good.  There  was  a  definite  history  of 
exposure  for  a  period  of  some  weeks  to  sewer  gas.  He  suffered 
from  retching,  vomiting,  and  pain  after  food,  with  intense  saliva- 
tion, and  gastrorrhoea.  The  upper  teeth  were  all  absent,  except  one 
in  front,  which  was  dark,  decayed,  and  loose  in  its  socket.  Several 
molars  and  bicuspids  were  absent  from  the  lower  jaw.  He  had 
worn  tooth-plates  for  the  previous  two  years.  At  the  commence- 
ment of  illness,  there  were  painful  sores  in  the  mouth  under  the 
tongue,  which  soreness,  as  he  said,  "  seemed  to  spread  down  into 
the  stomach,  and  right  through  him."  Blood  shewed  1,290,000  (or 
25  per  cent.)  red  corpuscles  per  cubic  millimetre,  and  hsemoglobin 
24  per  cent.  The  vomited  fluid  was  watery,  with  flakes  of  mucus 
and  catarrhal  cells,  the  whole  being  loaded  with  small  cocci,  often 
in  zoogloea-like  masses.  There  were  also  bacilli  and  larger  cocci, 
but  in  fewer  numbers.  A  rapid  temporary  improvement  was  made 
under  salicylic  acid,  but  this  was  followed  by  a  relapse  marked  by 
stomatitis,  salivation,  occasional  diarrhoea,  progressive  weakness, 
oedema,  acute  epididymo-orchitis,  and  ultimately  by  death.  The 
duration  of  the  illness  was  one  and  a  half  years. 
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This  case,  coming  so  shortly  after  the  observations  made  in 
Case  7,  I  regard  as  one  of  the  most  instructive  up  to  that  time 
met  with,  in  respect  not  only  of  the  history  of  its  origin,  but 
also  of  its  oral  and  gastric  symptoms.  The  illness  dated  from 
a  definite  exposure,  lasting  for  a  period  of  some  weeks,  to  the 
odours  of  a  cesspool,  close  to  the  window  where  he  worked  ;  the 
smells  from  which  were  so  bad,  that  they  often  made  him  sick. 
Among  the  first  troubles  he  noticed,  were  sores  in  the  mouth  ; 
and  his  own  description  of  his  disease  was,  that  this  soreness 
seemed  to  extend  right  through  him  from  the  mouth  to  the  anus. 
Then  followed  retching,  and  salivation,  to  a  degree  such  as  I  had 
never  before  witnessed,  pints  of  fluid  being  brought  up  daily 
either  directly  from  the  mouth,  or  indirectly  by  vomiting  from 
the  stomach.  There  was  a  history  of  dental  trouble,  all  the 
teeth  in  the  upper  jaw  being  absent,  with  the  exception  of  one 
which  was  markedly  rotten  and  loose.  This,  however,  he  valued 
despite  its  looseness,  and  would  not  allow  to  be  removed. 
Lastly,  there  was  the  microscopic  observation  made  on  the 
vomited  fluid,  demonstrating  the  presence  of  masses  of  cocci. 
The  relation  of  events  in  his  illness  seemed  thus  to  be — 

(1)  Previous  dental  trouble,  extending  probably  over  many 
years  ;  (he  had  worn  tooth-plates  for  two  years,  but  still  retained 
necrosed  teeth). 

(2)  Definite  exposure  to  sewer-gas  infection,  which,  either 
alone,  or  in  combination  with  preceding  infection  from  the  teeth, 
set  up  {a)  local  infective  trouble  in  the  mouth — sores  under  the 
tongue  with  salivation  and  stomatitis ;  and  {b)  gastro-intestinal 
trouble — septic  gastric  catarrh,  with  retching,  vomiting,  and  pain. 

(3)  Rapid  onset  of  anaemia  ;  three  months  later,  the  patient 
became  so  anjEmic  that  he  could  not  work,  and  there  was  so 
much  gastric  trouble,  that  cancer  was  suspected. 

(4)  Subsequent  history  of  the  case  — that  of  pernicious 
anaemia. 

The  problem  as  to  etiology  thus  gradually  in  my  mind  re- 
solved itself  into  the  question  :  which  of  the  above  mentioned 
possible  sources  of  infection  was  the  more  important  ?  And  first 
with  regard  to  the  possible  importance  of  oral  sepsis— on  this 
point  the  following  studies  throw  light,  proving  as  they  do  that 
oral  sepsis  is  a  potent  and  prevalent  cause  of '  septic '  gastritis. 
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DENTAL  DISEASE  AS  A  CAUSE  OF  'SEPTIC  GASTRITIS. 

Case  7  (recorded  in  the  last  chapter)  is  specially  interesting  in 
the  above  relation.     It  demonstrates  a  relationship  between 
cario-necrosis  of  the  teeth  and  gastric  catarrh,  of  a  closer  and 
more  direct  character  than  any  hitherto  recognized. 
That  relationship  may  thus  be  described  : — 

(1)  There  is  a  limit  to  the  capacity,  even  of  the 
stomach,  to  resist  indefinitely  for  periods  of  years  the 
continuous  presence  of  pyogenic  (pus-forming)  and  other 
organisms  derived  from  cario-necrotic  conditions  of  the 
teeth. 

(2)  Its  powers  of  destroying  such  organisms,  although 
great,  are  never  complete  even  in  health ;  and  are  due 
solely  to  the  presence  of  free  HCl. 

(3)  These  powers  become  progressively  weakened,  when 
through  any  cause  an  increased,  and  continuous,  supply  of 
pus  organisms  is  associated  with  a  diminished,  and  con- 
tinually lessening,  acidity  of  the  gastric  juice. 

(4)  These  two  conditions  are  precisely  those  produced 
by  chronic  cario-necrosis  of  the  teeth. 

(5)  In  time  the  catarrh  of  the  stomach,  so  common  a 
sequel  of  imperfect  dentition — possibly  of  simply  irritant 
nature  to  begin  with  (the  result  of  fermentation),  becomes 
septic  in  its  character,  and  is  really  due  to  actual  septic 
infection  of  the  mucosa. 

(6)  Eventually,  it  may  even  lead  to  the  deeper-seated 
changes  which  always  result  from  chronic  catarrh — viz., 
atrophy  of  secreting  structures,  with  increase  of  fibrous 
tissue  (chronic  gastritis  with  atrophy  of  the  glands). 

These  statements  as  to  the  relation  between  dental  carlo- 
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necrosis  and  gastric  catarrh  have  been  elucidated  and  supported 
by  me  elsewhere  but  some  brief  reference  to  the  subject  is 
here  essential  to  a  right  understanding  of  our  present  subject 
—to  wit,  the  significance  of  the  oral  sepsis  met  with  in  pernicious 
anaemia. 

The  Relation  between  Dental  Disease  and  Ill-health. 

That  health  is  to  a  large  degree  conditioned  by  the  state 
of  the  teeth — their  presence  or  absence,  their  soundness,  their 
freedom  from  pain — is  generally  recognized.  But  if  inquiry 
were  made  as  to  the  nature  of  the  connexion,  opinions  would 
be  found  to  differ. 

1.  In  the  minds  of  most,  the  relation  is  what  one  may  term 
a  '  mechanical '  one.  Carious  teeth  mean  imperfect  mastication  ; 
consequently,  increased  and  unnecessary  work  for  the  stomach ; 
this  in  course  of  time  leading  to  the  various  ills  connected  with 
impaired  digestion.  Such  a  mechanical  relation  I  consider  by 
no  means  the  only,  or  even  the  most  important,  relation  of 
dental  disease  to  general  health. 

2.  In  the  minds  of  others,  the  connexion  between  bad  teeth 
and  bad  health  is  supposed  to  be  of  another  kind — viz.,  that  bad 
teeth  denote  bad  nutrition,  and  bad  health.  They  are  the  result 
of  ill-health,  rather  than  the  cause  of  it. 

3.  A  third  possible  relationship — still  very  obscure,  but  one 
that  appears  to  me  to  be  altogether  insufficiently  recognized, 
and  to  be  more  important  than  either  of  the  two  above- 
mentioned — is,  dental  disease  as  a  cause  of  ill-healtJi  in  con- 
sequence of  being  a  continual  source  of  septic  poisoning,  and  septic 
infection,  both  local  and  general. 

Local  Infections. — Among  the  obvious  conditions  of  this 
nature,  are  the  various  local  inflammatory  and  suppurative  con- 
ditions met  with  in  the  mouth— (periostitis,  alveolar  abscess,  sup- 
puration around  decayed  teeth,  and  pyorrhoea  alveolaris) ;  or  in 
the  jaws— (periostitis,  osteitis,  osteo-myelitis,  necrosis,  and  sup- 
puration in  maxillary  sinuses)  ;  or  in  tissues  adjacent  to  the 
mouth— tonsillitis,  pharyngitis,  otitis,  enlargement  and  suppura- 

1  "  Relations  of  Dental  Disease  to  General  Diseases  and  to  Infective  Gastritis," 
Transactions  of  the  Odontological  Society  of  Great  Britain,  Februaiy  6,  1899.  "  Oral 
Sepsis  as  a  Cause  of  Disease,  with  Illustrative  Cases,"  The  Clinical  fournal,  September 
12,  1900  ;  Practitioner,  December  1900. 
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tion  of  the  glands  of  the  neck,  cellulitis  of  the  neck,  post- 
pharyngeal abscess,  thrombosis  of  the  veins,  and  even  meningitis 
by  direct  extension. 

Remote  Infectiofis. — Among  the  remote  conditions  of  infective 
nature,  obscure  in  origin,  and  in  many  cases  probably  traceable 
back  to  infection  from  the  mouth,  are  such  conditions  as  acute 
osteo-myelitis,  acute  necrosis  occurring  apart  from  injury,  sup- 
purative meningitis,  empyema,  ulcerative  endocarditis,  and  acute 
nephritis  and  purpuric  conditions  generally.  The  special  interest 
of  dental  disease  in  connexion  with  this  class  of  cases  arises 
from  this  :  that  dental  cario-necrosis  is  the  commonest  and  most 
prevalent  septic  infection  in  the  body;  and  that  this  infection  is 
of  a  '  mixed  '  character,  including  not  only  harmless  organisms, 
but  also  the  most  active  pathogenic  (blood-poisoning)  organisms 
— viz.,  streptococci  and  staphylococci. 

Bacteriology  of  Dental  Caries. — On  this  point — the  infective 
nature  of  dental  caries — I  need  not  dwell.  The  evidence  so 
abundantly  furnished  by  the  laborious  bacteriological  obser- 
vations :  of  Miller  (1884-1894)  on  no  fewer  than  250  cases  of 
diseased  teeth  ;  of  Galippe  and  Vignal  (1889) ;  of  Jung  (1893)  ; 
and  most  recently  of  Professor  Arkovy  of  Budapest  (1878- 1898) 
seem  conclusive.  With  the  minutest  bacteriological  precautions, 
the  last-mentioned  observer  has,  in  43  cases,  studied  in  detail  the 
organisms  found  in  the  most  various  conditions  of  teeth — e.g. 
gangrene  of  pulp  (both  acute  and  chronic),  chronic  alveolar 
abscess,  old  stoppings,  etc.  The  chief  result  of  the  observations, 
from  the  dental  point  of  view,  is  to  shew,  that  one  organism  is 
constantly  to  be  found  in  diseased  pulps,  and  in  dental  caries, 
(the  Bacillus  gangrcence  pulpce),  possessing  the  power  single- 
handed  of  producing  gangrene  of  pulp,  and  of  effecting  softening 
of  a  tooth,  even  in  an  alkaline  medium.  Its  frequency,  as  com- 
pared with  other  organisms,  was  95*3  per  cent.  Next  most 
frequent,  and  from  the  present  point  of  view  even  more  important, 
were  various  forms  of  pus  organisms — viz. : — 

StapJiylococcus  pyogenes  aureus,  34*8  per  cent,  of  cases. 

Streptococcus  pyogejies,  23*2  per  cent. 

Staphylococcus  pyogenes  albus,  i8'6  per  cent. 

Bacillus  pyocyaneus,  9*3  per  cent. 

Staphylococcus  pyogenes  citreus,  4*6  per  cent.,  with  nine  other 
organisms,  mostly  harmless,  in  varying  frequency.   The  pyogenic 
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organisms  were  always  absent  in  teeth  successfully  dealt  with 
antiseptically. 

The  significance  attaching  to  these  observations,  in  the  present 
relation,  is  not  the  mere  presence  of  such  organisms  in  connexion 
with  dental  caries.  Their  mere  presence  in  the  mouth  does  not 
constitute  disease  of  the  mouth,  or  elucidate  the  pathology  of 
stomatitis,  any  more  than  the  almost  constant  presence  of  the 
pneumococcus  in  the  mouth  constitutes  pneumonia,  or  elucidates 
its  pathology. 

Infective  disease  in  the  mouth,  as  elsewhere,  is,  fortunately, 
not  a  mere  question  of  the  presence  of  an  organism,  however 
pathogenic;  but  a  question  of  dose,  and  resistance.  In  the  case 
of  the  mouth,  the  question  of  dose  becomes  a  very  important 
one ;  when  we  have  to  deal,  not  with  an  isolated  carious  tooth, 
but  with  a  whole  series  of  such  teeth — not  only  diseased  them- 
selves, but  lying  in  foul,  inflamed  septic,  possibly  (as  in  Case  7) 
actively  suppurating,  sockets. 

The  effects  of  such  a  condition  are  twofold — first  of  all, 
locally  ;  and,  secondly,  on  the  body  generally.  The  general 
effect  is  a  septic  absorption  from  the  diseased  teeth  and  sockets, 
that  must,  in  the  aggregate,  be  of  remarkable  extent,  continued 
as  it  often  is  over  many  years.  The  local  effects  are  primarily 
on  the  mouth  itself,  and  are  sufficiently  obvious  in  the  oral  sepsis 
so  common  in  such  cases,  namely,  inflammatory  gingivitis  and 
stomatitis  of  every  degree  of  intensity — erythematous,  pustular, 
suppurative,  ulcerative,  or  even  gangrenous. 

But  the  effects  are  not  limited  to  these  ;  because  if  there  is 
a  continual  source  of  septic  generation  around  these  teeth,  septic 
infection  may  occur  lower  down,  even  in  the  stomach  itself 

The  continuous  swallowing  of  mouthfuls  of  pus  organisms  is 
not  tolerated  indefinitely  by  the  stomach  mucosa.  The  number 
of  organisms  that  enter  the  stomach  from  the  mouth  is  very 
large.  Most  of  them,  fortunately,  are  destroyed  by  the  gastric 
juice.  But  this  is  by  no  means  true  of  all.  A  very  considerable 
proportion,  (as  many  as  eight  out  of  twenty-five,  according  to 
Professor  Miller),  are  to  be  found  in  the  stomach  contents.  The 
observations  of  Macfadyen  and  others  shew,  that  only  a  certain 
proportion  are  destroyed  by  the  gastric  juice.  It  is  only  when 
the  acidity  of  the  gastric  juice  is  considerable—^.^,  an  hour  or 
two  after  food— that  it  exercises  any  direct  bactericidal  action, 
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not  in  the  intervals  between  digestion.  When  the  acidity  reaches 
a  low  level,  a  large  number  may  be  quite  capable  of  living  in  the 
stomach. 

In  long-standing  dental  disease,  the  conditions  are,  thus, 
precisely  those  most  likely  to  produce  infection  of  the  stomach 
— viz.,  on  the  one  hand,  diminished  resistance^  i.e.,  diminished 
acidity  as  a  result  of  the  chronic  indigestion  and  catarrh  ;  on  the 
other  hand,  increase  of  dose,  i.e.,  increased  supply  of  pus  organ- 
isms from  the  necrotic  teeth,  reaching  the  stomach  not  only 
during  digestion,  but  in  the  intervals  between  meals  when  the 
free  HCl  is  at  a  minimum,  or  absent.  That  under  such  circum- 
stances disturbances  may  arise,  from  abnormal  fermentative 
processes  in  the  stomach,  is  a  fact  to  which  both  clinical  and 
pathological  experience  testifies — one,  too,  that  is  generally  recog- 
nized. What,  however.  Case  y  demonstrates  is,  that  the  effect  is 
not  limited  to  a  mere  fermentation  of  food  products ;  but  that 
actual  infectio7i  of  the  mucosa  with  pathogenic  organisms  may 
itself  occur,  causing  what  I  would  term  a  "septic" — as  dis- 
tinguished from  a  simple  irritant — gastric  catarrh.  The  mucosa 
of  the  stomach,  continuously  exposed  to  infection  by  influx  of 
pus  organisms  from  the  teeth,  becomes  eventually  infected.  A 
septic  catarrh  is  set  up,  and  being  continuously  sustained  by 
influx  of  septic  organisms  into  the  stomach  never  got  rid  of; 
if  continued  long  enough,  this  chronic  catarrh  leads  to  the 
usual  effects  of  a  glandular  catarrh — viz.,  glandular  atrophy, 
with  increase  of  interstitial  tissue  around. 

These  considerations  as  to  the  possible  effects,  both  general 
and  local,  of  long-continued  dental  and  oral  sepsis  are  of  no 
mere  pathological  interest.  On  the  contrary,  they  are  of 
supreme  practical  importance,  exemplified  as  they  are  (to  a 
degree  which  is,  in  my  judgment,  and  almost  daily  experience, 
altogether  insufficiently  recognized)  by  the  cases  one  meets  with 
of  gastric  catarrh  in  association  with  dental  and  oral  sepsis. 

The  ashy-grey  look,  and  general  languor,  which  such 
patients  in  my  experience  characteristically  present,  are  really 
manifestations  of  long-continued  septic  absorption  ;  the  local 
symptoms  of  clamminess  of  the  mouth,  distaste  for  food,  coated 
tongue,  bad  taste  in  mouth,  which  one  simply  looks  upon  as 
manifestations  of  gastric  catarrh,  are  really,  as  in  the  case 
described  (Case  7),  the  result  of  oral  sepsis ;  while  the  nausea, 
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indigestion,  gastric  discomfort  are  the  results  of  the  '  septic  ' 
gastric  catarrh  produced  by  direct  infection  of  the  stomach  with 
the  pus  organisms. 

Case  7  appears  to  me  to  present  points  of  unique  interest,  in 
demonstrating  the  actual  relations  between  dental  infection  and 
gastritis — viz.,  the  history  of  nausea  and  vomiting ;  gastric  pain 
extending  over  a  period  of  months — the  pain  so  severe  as  to 
necessitate  the  use  of  opium,  and  to  suggest  cancer ;  the  scrupu- 
lous cleanliness  of  tooth  plates,  and  the  healthiness  of  the  gums  ; 
the  absence  of  all  teeth  except  three  carious  ones,  these  latter 
discharging  pus  from  their  roots  ;  the  removal  of  these  three ; 
the  immediate  improvement,  temporary  in  character ;  the 
recurrence  of  sickness  and  vomiting ;  the  vomit  three  weeks 
after  removal  of  teeth  still  loaded  with  pus  organisms ;  the 
administration  of  salicylic  acid  as  a  local  antiseptic  ;  the  entire 
cessation  of  all  gastric  symptoms  three  days  later;  in  three  months 
a  gain  of  a  stone  in  weight ;  and,  lastly,  the  permanency  of  the 
cure.  Fifteen  months  later  the  patient  wrote  that  she  had  never 
had  any  return  of  the  sickness. 


CHAPTER  XXIII. 


THE  INFECTIVE  NATURE  OF  THE  DISEASE,  AND  THE 
SOURCE  OF  INFECTION. 

The  Infective  Nature  of  the  Disease. — The  facts  already  recorded 
denote  in  my  judgment  conclusively  the  infective^  as  distinguished 
from  the  general^  nature  of  the  disease.  Moreover,  they  denote 
the  infection  to  be  a  locals  not  2i  generalized,  one.  It  is  confined 
to  the  alimentary  tract,  its  chief  seat  being  the  stomach  ;  no 
part,  however,  of  the  alimentary  tract,  from  the  mouth  to  the 
anus  being  safe  from  it. 

Further,  in  certain  of  the  foregoing  cases,  the  first  site,  or 
one  of  the  first  sites,  of  infection  has  apparently  been  the  mouth 
— general  discomfort,  or  soreness,  or  tenderness,  of  the  mouth 
having  been  complained  of,  either  before,  or  '  at  the  same  time ' 
as,  the  anaemia.  There  remains,  then,  the  question,  whence  the 
infection  has  sprung  in  the  first  instance — from  without,  or  from 
within,  the  mouth  ? 

Source  of  Infection. — In  this  relation,  the  cases  divide  them- 
selves into  two  groups — two  cases,  in  which  there  was  a  most 
definite  history  of  exposure  to  sewer  gas,  or  drain,  influences 
(Cases  I  and  8)^ ;  nine  cases,  in  which  no  such  history  could,  on 
very  careful  inquiry  on  the  point,  be  traced.  This  failure  to 
trace  infection  to  some  outside  source  need  not  necessarily 
denote  the  absence  of  such  a  source  ;  for  failure  of  this  kind  is 
common  at  times  with  regard  to  all  infective  diseases.  So  clear 
is  the  history  of  exposure  in  the  two  cases  mentioned,  that,  in  the 
absence  of  any  other  facts,  I  should  be  disposed  to  suspect 
some  similar  origin  in  the  case  of  the  others. 

But  both  in  these  two  cases,  and  in  the  other  nine,  there 
existed  a  marked  condition  of  either  antecedent  or  co-existing 

1  I  have  recently  seen  a  third— very  striking— case  of  this  kind. 


THE  I  INFECTIVE  NATURE  OF  THE  DISEASE. 


241 


dental  cario-necrosis— in  most  of  the  cases,  to  such  a  degree  as 
to  amount  to  '  neglect,'  the  teeth  being  very  carious  in  whole  or  in 
part.  In  the  light  of  what  I  have  described  with  regard  to  the 
infective  power  of  the  oral  sepsis  so  created,  and  the  possible 
effects  on  the  stomach  that  may  ensue,  the  question  thus  raised 
is — whether  the  'mixed'  infection  underlying  the  disease  may 
not  have  taken  origin  within  the  mouth  itself  in  connexion  with 
the  teeth.  Or,  alternatively,  whether  the  infection  may  not  have 
found  its  first  footing,  so  to  speak,  amidst  the  infective  septic  con- 
ditions prevailing  around  the  diseased  teeth.  Either  alternative 
is  possible.  The  subsequent  course  of  the  infection  is  then  deter- 
mined by  the  relative  amount  of  resistance  offered  by  the  mucosa 
of  the  mouth  and  stomach  respectively.  In  the  great  majority  of 
cases,  the  mucosa  of  the  latter  is  the  first  to  be  affected — in  certain 
cases  possibly  the  only  part  to  be  affected.  But,  in  some  cases, 
direct  infection  of  the  mucosa  of  the  tongue  and  of  the  mouth  also 
takes  place — if  one  may  judge  from  the  foregoing  data  (which, 
however,  are  probably  too  low)  in  at  least  10  per  cent,  of  cases 
(see  footnote,  p.  208). 

It  will  remain  for  future  observations,  on  a  larger  series  of 
cases,  to  determine  more  precisely  the  points  I  have  raised — viz. 

( 1)  Whether  dental  decay  is  only  important  in  creating  the  sep- 
tic stomatitis  and  gastritis  favourable  to  the  later  special  infection  ; 

(2)  Whether  the  special  infection  may  not,  so  to  speak,  be 
created  around  them  in  the  first  instance ;  or 

(3)  Whether  direct  infection  of  the  stomach  can  occur  from 
exposure  to  infection  (drain  smells),  independently  of  any  oral 
or  dental  trouble. 

Whatever  the  precise  source  of  the  special  infection  may  be 
—whether  from  within  the  mouth  or  from  drains,  an  antecedent 
condition  of  septic  gastritis  is  in  my  judgment  a  necessary  pre- 
liminary to  successful  infection. 

H  ence,  the  fact  of  importance  clear  to  me  that  oral  sepsis  in 

this  disease  deservesmore  attention  than  has  been  hitherto  bestowed 
upon  it.  The  extraordinarily  persistent  overlooking  of  this  subject 
of  oral  sepsis,  and  the  share  taken  in  it  by  diseased  teeth,  I  have  fully 
brought  out  elsewhere.  It  is  well  illustrated  by  my  own  experi- 
ence—viz., that  while  actually  interested  in  the  occurrence  of  glos- 
sitis and  stomatitis  in  cases  of  pernicious  aneemia,  I  did  not  begin 
to  note  especially  the  condition  of  the  teeth  till  many  years  later. 

Q 
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Nature  of  the  Infection. — I  have,  throughout,  designated  the  in- 
fection as  a  '  special '  one,  most  probably  of  a  '  mixed  '  character, 
i.e.  brought  about  by  the  joint  action  of  two  or  more  organisms. 

That  it  is  no  ordinary  '  septic '  stomatitis  or  gastritis,  such  as 
is  a  common  sequel  of  dental  decay — is  clear  from 

(1)  The  rarity  of  the  disease  ; 

(2)  The  remarkably  hasmolytic  action  of  its  poisons  ; 

(3)  The  occurrence  of  an  ordinary  'septic'  gastritis  without 
any  of  the  blood  changes  of  pernicious  anaemia  (Case  7). 

That  it  is  of  a  '  mixed '  character  appears  probable  from  the 
following  facts : 

(i)  The  abundant  presence  (as  in  Case  8)  of  organisms  of 
coccal  and  streptococcal  nature,  forming  zoogloea-like  masses 
amidst  the  catarrhal  and  inflammatory  exudation  contained  in 
the  vomit.  These  organisms  were  obviously  related  to  the 
anaemia,  the  salivation,  and  the  vomiting ;  since  by  administra- 
tion of  salicylic  acid,  the  first  was  greatly  ameliorated,  and  the 
two  latter  were  abolished  ;  and  yet  they  are  not  such  as  are 
peculiar  to  this  disease,  but  resemble  organisms  present  in  the 
stomach  in  other  diseases. 

In  my  other  cases  (four  in  number)  in  which  the  vomit  has 
been  examined.  Streptococcus  longus  has  been  a  form  constantly 
found.  Hence  my  suspicions  are  strongly  directed  to  this,  as 
one  of  the  organisms  concerned  ;  but  not  to  this  exclusively. 
For  the  poisons  of  streptococcic  infection  are  not  specially 
haemolytic  in  action,  whereas  such  an  action  is  in  a  special 
degree  characteristic  of  the  poison  of  pernicious  anaemia. 

It  is  hence  to  another  form  that  this  special  action  must  be 
due.  For  the  present,  my  suspicions  are  directed  towards  one 
of  the  character  of  a  proteus.  For  this  reason,  that  increased 
haemolysis  (with  jaundice)  is  one  of  the  features  of  its  action, 
and  the  changes  described  in  cases  of  '  infective  jaundice'  (Weil's 
disease)  in  which  it  has  been  found,  agree  in  many  particulars 
with  those  I  have  described  for  pernicious  anaemia^ — namely, 
fatty  degeneration  of  liver  and  of  epithelium  of  kidney,  minute 
haemorrhages,  swelling  of  spleen,  intestinal  changes,  observed  in 
one  case — namely,  vascularity,  numerous  haemorrhages,  and 
superficial  erosion  of  the  mucous  membrane  throughout  the 
whole  intestinal  tract. 

1  Hunter,  "Weil's  Disease,"  Allbutt's  System  of  Medicine^  vol.  iv.  p.  98,  1897. 
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It  must  remain  for  future  observations  to  determine  the 
nature  of  the  organisms  concerned  and  their  relative  role. 

(2)  The  disease,  though  very  rare  in  incidence,  is  nevertheless 
common  to  all  classes  irrespective  of  station,  mode  of  life,  food, 
previous  health,  or  general  surroundings. 

Professor  Adami  of  Montreal,  and  his  fellow-workers.  Dr.  D. 
Anderson  and  Dr.  Ford,  have  recently  made  some  interesting 
observations  in  this  relation.^  Their  observations  they  consider 
suggest  that  possibly  the  colon  bacillus  may  be  concerned  as 
a  secondary  factor  in  producing  the  gastric  change. 

They  have  examined  bacteriologically  the  contents  of  the 
stomach  in  four  cases  of  pernicious  anemia.  They  found  (i)  a 
complete  absence  of  hydrochloric  acid  ;  with  the  presence,  how- 
ever, of  considerable  quantities  of  lactic  and  some  butyric  acid ; 
(2)  an  abundant  presence  of  the  colon  bacillus  ;  (3)  in  one  case 
a  modified — diplococcoid — form  of  the  colon  bacillus  within  the 
walls  of  the  stomach ;  and  (4)  the  presence  of  the  same  forms 
in  the  liver  cells — the  bodies  giving  the  iron  reaction  and 
constituting,  indeed,  according  to  Professor  Adami,  the  granules 
hitherto  regarded  as  pigment  granules. 

With  this  last-mentioned  conclusion  (one  with  which  I 
am  unable  to  agree)  we  are  not  here  specially  concerned.  The 
matter,  however,  is  otherwise  with  the  second  observation,  as  to 
the  presence  of  the  colon  bacillus  in  the  stomach,  and  its  possible 
relation  to  the  disease.  On  this  point.  Professor  Adami  is  "  very 
careful  not  to  state  that  the  colon  bacillus  is  the  primary  or  the 
essential  cause  of  (either  cirrhosis  of  the  liver,  or)  pernicious 
ansemia.  .  .  .  probably  not.  In  either  case  there  is  some 
primary  or  underlying  factor  favouring  its  entrance  into  the 
economy."  The  possible  relation  is  one  he  describes  by  the 
term  'sub-infection' — "a  condition,  in  which,  as  a  consequence 
of  chronic  inflammatory  disturbance  in  connexion  with  the 
gastro-intestinal  tract,  there  may,  for  long  periods,  pass  in 
through  the  walls  of  the  stomach  or  of  the  intestine  a  greater 
number  of  the  ordinary  bacteria  inhabiting  the  tract ;  and  while 
the  bacteria  undergo  the  normal  and  inevitable  destruction  by 

^  "  On  Latent  Infection  and  Sub-infection  and  on  the  Etiology  of  Hremochromatosis 
and  Pernicious  Anemia."   The  annual  address  before  the  Society  of  Internal  Medicine 
Chicago,  November  29,  1899.  Journal  of  the  American  Medical  Association,  December 
23,  1899. 
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the  cells  of  the  lymph  glands,  the  liver,  the  kidneys,  and  other 
organs,  nevertheless  the  excessive  action  of  these  cells  and  the 
effect  on  them  of  the  bacterial  toxins  liberated  in  the  process  of 
destruction  may  eventually  lead  to  grave  changes  in  these  cells  and 
in  the  organs  of  which  they  are  part — changes  of  a  chronic  nature." 

For  the  action  of  the  bacillus.  Professor  Adami,  it  will  be 
seen,  predicates  the  existence  "  in  the  first  place  of  some  chronic 
inflammatory  condition  of  the  mucous  membrane  of  the  upper 
gastro-intestinal  tract,  leading  often  to  atrophy."  This  is  the 
very  condition  which  according  to  my  observations  does  exist ; 
and  which  I  regard,  partly  as  the  result  of  the  septic  gastritis 
preceding,  partly  as  one  of  the  local  effects  of,  the  special  infec- 
tion underlying  the  anaemia.  Future  observations  must  determine 
the  actual  significance  of  the  colon  bacillus  infection  thus  described. 

The  presence  of  the  colon  bacillus  in  the  stomach  cannot  itself 
be  regarded  as  suggestive  of  disease  ;  since  it  is  a  normal  inhabi- 
tant of  the  intestine,  and  the  vomit  in  pernicious  anaemia  is  very 
often  bile  stained  from  regurgitation  of  intestinal  contents  into  the 
stomach  (see  p.  222). 

Definition  of  the  Disease. 

For  reasons  above  indicated,  the  terms  '  secondary '  and 
'  primary,'  used  in  connexion  with  the  disease,  appear  to  me  to  be 
no  longer  fitly  applicable.  To  say  that  the  disease  is  secondary 
to  gastric  or  intestinal  disturbances,  e.g.  vomiting,  diarrhoea,  is 
just  as  correct  as  to  say  that  typhoid  fever  is  secondary  to  the 
diarrhoea  which  attends  it.  To  say  that  it  is  secondary  to  the 
very  slight  anatomical  lesions  above  described,  is  just  as  correct 
as  to  say,  that  the  whole  features  of  diphtheria  are  secondary  to 
the  anatomical  lesions  found  in  the  throat,  or  that  typhoid  fever  is 
secondary  to  the  lesions  found  in  the  intestine.  In  these  cases,  the 
relation  of  the  local  symptoms,  and  the  lesions,  to  the  disease  are 
the  same — namely,  they  are  effects  of  the  infection  which  under- 
lies the  disease — diphtheria  or  typhoid  fever,  as  the  case  may  be. 

Hitherto  the  feature  of  the  disease  to  arrest  chief  attention 
has  naturally  been  the  ancemia,  the  progressive  blood  change  ;  and 
all  other  symptoms  have  been  studied  in  relation  to  this.  The 
disease  has  been  regarded  as  an  ana?mia  complicated  from  time 
to  time  by  other  disturbances — digestive,  nervous,  circulatory,  etc. 
The  result  has  been  to  obscure  some  of  the  chief  characters  of 
the  disease,  and  certainly  to  hide  much  of  their  proper  relation 
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to  each  other.  For  the  future,  it  will,  I  consider,  throw  entirely 
fresh  light  on  the  disease,  if  it  be  studied  as  an  infective  disease 
characterized  by  anmnia  with  definite  local  and  general  effects, 
and  no  longer  be  viewed  simply  as  an  anaemia  occasionally 
complicated  with  such  effects. 

The  definition  which  I  formulate  for  the  disease  is  therefore 
the  following : — 

Pernicious  anaemia  is  a  chronic  infective  disease  localized 
in  the  alimentary  tract ; 

Caused  by  a  definite  infection  of  certain  parts  of  the 
mucosa  of  the  alimentary  tract,  chiefly  of  the  stomach, 
occasionally  also  of  the  mouth,  and  of  the  intestine. 
Cha)'acterized  by — 

(1)  Intermittent  destruction  of  blood,  and  increasing 
anaemia — and  all  the  other  pathological  and  clinical  changes 
consecutive  to  these,  e.g.  anaemia,  lemon  colour,  urobilin- 
uria,  haemorrhages,  dyspnoea,  palpitation,  oedema — as  the 
result  of  the  haemolytic  action  of  poisons  on  the  blood. 

(2)  Periodic  disturbance  of  the  alimentary  tract,  chiefly 
of  the  stomach  and  the  intestine,  as  local  irritant  effects 
of  the  infection  on  the  alimentary  canal ;  and 

(3)  Occasional  *  toxaemic '  attacks,  characterized  by  fever, 
sweatings,  general  nervous  symptoms ;  not  infrequently  by 
effects — eg.  numbness,  tingling,  ataxia,  absence  of  reflexes, 
denoting  deeper  nervous  changes,  such  as  peripheral  neuritis, 
sclerosis  of  the  cord. 

Summapy  of  Conclusions  regrarding-  the  Etiology  and 
Nature  of  the  Disease. 

The  conclusions  I  have  come  to  are — 

1.  Pernicious  anaemia  is  a  chronic  infective  disease  of  septic 
nature. 

2.  It  is  the  result  of  a  special  infection  of  the  digestive  tract, 
especially  of  the  stomach;  frequently  also,  although  to  a  less 
degree,  of  the  mouth  and  of  the  intestine. 

3.  The  chief  source  of  the  infection  is  oral  sepsis  arising  in 
connexion  with  long-continued  and  neglected  cario-necrotic 
conditions  of  teeth ;  sometimes,  possibly,  arising  from  other 
causes — eg.  exposure  to  drain  poisons. 

4.  The  effects  are  chronic  infective  lesions  of  the  mouth  and 
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Stomach  or  intestine,  which  heal  up  in  one  part,  only  to  spread  to 
another,  and  which  cause  in  time  deeper  seated  changes,  e.g.  ulcers 
of  the  mouth  and  tongue,  chronic  glossitis  and  atrophic  changes 
in  the  tongue  ;  chronic  gastritis  with  atrophy  of  gastric  glands. 

5.  In  the  vomit,  the  infective  nature  of  the  catarrh  of  stomach 
can  be  demonstrated. 

6.  One  element  in  the  infection  is  streptococcal.  But  this  is 
not  the  only  one.  It  probably  derives  its  special  (hemolytic) 
characters  from  being  of  a  '  mixed  '  character. 

7.  Such  infection  the  more  readily  occurs  if  the  stomach  or 
intestine  is  already,  from  any  cause,  the  seat  of  disease ;  the  most 
potent  antecedent  cause  is  '  septic '  gastritis  arising  in  connexion 
with  oral  sepsis. 

8.  Gastric  and  intestinal  symptoms — e.g.  nausea,  discomfort, 
pain,  sickness,  retching,  vomiting,  looseness  of  bowels,  and 
diarrhoea,  are  features  of  every  case,  although  varying  much  in 
intensity  and  character  in  individual  cases.  They  are  the  local 
manifestations  of  the  infection  ;  while  the  excessive  destruction 
of  blood  taking  place  in  the  portal  area  is  the  result  of  the 
action  of  its  poisons  absorbed  into  the  blood. 

9.  The  fever  so  commonly  met  with  is  not  an  accidental 
occurrence — the  effect  of  weakness — but  is  a  feature  of  the 
disease,  a  result  of  the  infective  process  itself;  its  variations 
correspond  to  variations  in  the  activity  of  that  process. 

10.  Such  variations  are  common — from  week  to  week,  some- 
times from  day  to  day — in  the  progress  of  the  disease,  even 
when  it  is  running  a  fairly  progressive  course. 

11.  In  addition,  however,  the  course  of  the  disease  towards 
the  fatal  termination  is  often  marked  by  one — sometimes  by 
tw^o  or  even  more  periods  of  marked  improvement,  lasting  from 
a  few  months  to  a  year  or  more,  followed  by  relapses.  This 
character  of  the  disease  I  have  come  to  regard  as  the  result  of 
a  relative  immunity,  unfortunately  only  temporary  in  its  nature, 
conferred  by  the  disease  itself — an  immunity  accelerated,  and 
greatly  strengthened,  for  a  time  by  suitable  medicinal  treatment, 
notably  by  administration  of  arsenic. 

12.  The  recurrence  may,  however — and  perhaps  still  more 
likely — be  due  to  the  fact  that  the  patient  has  hitherto  been 
allowed  to  remain  continuously  exposed  to  fresh  infection  from 
the  original  source,  namely,  the  neglected  oral  sepsis. 


PART  VI.-SYMPTOMS. 


— ♦  

CHAPTER  XXIV. 
GENERAL  CLINICAL  FEATURES. 

Introductory. 

As  regards  the  general  features  which  go  to  make  up  the  clinical 
picture  this  disease  presents,  no  description  ever  given  can  better 
the  original  one  of  Addison  ;  a  general  anaemia  occurring  without 
any  discoverable  cause  whatever,  pursuing  a  similar  course,  and 
with  scarcely  a  single  exception,  followed  after  a  variable  period 
by  the  same  result ;  making  its  approach  in  so  slow  and  insidious 
a  manner,  that  the  patient  can  hardly  fix  a  date  to  his  earliest 
feeling  of  the  languor  which  is  shortly  to  become  so  extreme  ;  in- 
creasing pallor  ;  indisposition  to  exertion,  with  faintness  or  breath- 
lessness  on  attempting  it ;  bloodlessness  of  lips,  gums  and  tongue ; 
failure  of  appetite,  extreme  languor  and  weakness  ;  till  the  patient 
can  no  longer  rise  from  bed,  and  at  length  sooner  or  later  falls 
into  a  prostrate  and  half  torpid  state,  in  which  he  finally  expires. 

As  regards  the  individual  symptoms  accompanying  the 
progressive  weakness,  reference  may  be  made  to  Biermer's 
account  already  given. 

As  regards  the  relation  of  these  symptoms  to  one  another 
and  to  the  anaemia,  their  essential  feature  appears  at  first  sight 
to  be,  that  they  are  one  and  all  referable  to  the  anaemia.  The 
latter  is  "  idiopathic,  primary,  essential,  without  any  symptoms 
during  life  that  cannot  be  explained  as  directly  due  to  the 
anaemia."  (Pye-Smith.) 

Even  the  Fever  so  commonly  met  with,  appears  to  be 
"  anaemic  "  in  its  character  (Immermann)  ;  the  hmnorrliages,  like- 
wise, are  the  result  of  fatty  degeneration  of  the  capillary  walls, 
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consequent  on  the  anaemia ;  the  nervous  disturbances^  psychical, 
sensory,  or  motor,  such  as  are  not  infrequent,  have  been  referred 
to  the  capillary  bleedings  in  the  nervous  system,  (Eichhorst) ; 
and  lastly,  the  alimentary  disturbances,  not  infrequent,  if  only 
slight,  seem  merely  results ;  if  severe  they  appear  to  be  possible 
aids  in  producing  the  disease,  from  the  exhaustion  and  profound 
disturbances  in  nutrition  they  occasion.  (Biermer,  Eichhorst, 
and  Fenwick.) 

From  the  definition  given  at  the  close  of  the  last  chapter, 
it  will  be  seen,  that  in  the  light  of  the  foregoing  studies,  the 
various  clinical  features  presented  by  the  disease  have,  in  my 
mind,  assumed  a  somewhat  different  relation  to  one  another. 

I  am  accustomed  to  divide  them  into  four  groups. 

Four  Groups  of  Symptoms. 

1.  A  group,  to  a  large  extent  the  effects  of  the  anaemia. 

These  include  most  of  the  more  prominent  features  of 
the  disease,  such  as  pallor,  weakness,  breathlessness,  palpita- 
tion^ irritability,  sleeplessness,  iticapacity  for  mental  or  bodily 
exertion,  want  of  appetite,  feeble  digestion,  sluggish  intestinal 
powers,  and  lastly,  the  general  characters  of  the  iirine,  as 
regards  quantity,  excretion  of  urea,  freedom  from  albumen, 
sugar,  bile,  blood. 

2.  A  group,  the  effect  not  of  the  anaemia  itself,  but  of  its 
hcsmolytic  character. 

These  include  the  lemon  colour,  varying  greatly  in  intensity 
at  different  periods;  the  tirobilinuria,  with  or  without  higJi 
colour  of  the  urine,  also  varying  greatly  at  different  periods  ; 
occasionally  also,  deeply  bile-stained  faeces,  likewise  varying 
from  time  to  time. 

3.  A  group,  related  to  the  anaemia,  neither  as  effect  nor  as 
cause,  but  denoting  the  site  of  the  lesion  underlying  the  disease. 

These  include  the  oral,  gastric,  or  intestinal  symptoms, 
varying  in  intensity  from  time  to  time  ;  insufficient  of  them- 
selves to  account  for  the  anaemia  ;  and  not  to  be  accounted 
for  by  any  mere  weakness  resulting  from  the  anaemia ;  but 
important  as  marking  the  existence  of  some  special  irritant 
trouble  in  the  portions  of  the  alimentary  tract  affected. 


GENERAL  CLINICAL  FEATURES. 


249 


4.  A  group,  like  the  last,  neither  cause,  nor  effect  of  the 
ana;mia  per  se  ;  but  denoting  the  infective  nature  and  severity 
of  the  agencies  causing  the  anaemia. 

These  include  most  prominently  of  all,  the  fever,  which 
comes  and  goes  in  the  most  varying  manner  ;  but  is,  in 
my  opinion,  rarely  or  ever  absent  in  any  case  that  is  actually 
advancing.  It  also  includes  other  phenomena,  not  so 
general  but  often  met  with,  all  of  them  characterized  by 
the  same  periodicity  which  has  been  seen  to  be  so  common 
with  most  of  the  other  features  —  namely,  headache,  per- 
spiration, droivsiness,  languor,  feelings  of  intense  weakness, 
and  illness ;  also  a  group  of  more  pronounced  neiimis 
symptoms,  denoting  actual  lesions  in  central  or  peripheral 
nervous  system,  namely,  pains,  numbness,  and  tinglitig  in 
the  arms  and  legs,  disturbances  of  sensibility,  ataxic  phenomena, 
loss  of  knee  jerk,  and  sometimes  actual  peripheral  palsies. 

\.  General  Clinical  Features. 

1.  Pallor  is  always  marked,  and  is  one  of  the  first  signs  of  the 
disease  ;  frequently  commented  on  by  the  patient's  friends,  before 
he  himself  has  noted  it.  It  is  usually  accompanied  by  a  more 
or  less  marked  lemon  colour,  the  latter  varying  much  from  time 
to  time. 

2.  Nuti'ition. — This  generally  appears  fairly  good  :  often  sur- 
prisingly so,  considering  the  great  weakness  of  the  patient.  The 
subcutaneous  fat  is  often  increased.  The  muscles  are  always 
very  soft.  Although  wasting  is  not  a  special  feature  of  the 
disease,  a  considerable  loss  of  weight  is,  in  my  experience,  the 
general  rule ;  and  recovery  is  always  marked  by  an  increase  of 
weight.  In  one  very  acute  case  I  recently  saw — in  which  the  diag- 
nosis was  confirmed  by  post-mortem  examination, — the  patient 
lost  over  two  stones  in  weight  in  the  course  of  three  months. 

3.  Skin. — The  skin  is  usually  dry;  and  sometimes  shows  a 
slight  desquamation.  The  hair  is  also  dry.  According  to 
Eichhorst,  a  peculiarly  bad  odour  is  sometimes  given  off  by  the 
skin,  shortly  before  death. 

4.  Haemorrhages  into  the  skin  are  met  with  now  and  again. 
They  usually  take  the  form  of  minute  petechiae  of  the  size  of  a 
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pin's  head  or  a  pea ;  it  is  exceptional  for  more  extensive 
ecchymoses  to  occur  :  I  have  not  met  with  them  in  any  case 
under  my  observation. 

5.  (Edema  is  usually  present  in  the  later  stages,  chiefly  in  the 
feet  and  ankles. 

6.  Weak7iess. — This  is  the  chief  complaint  from  first  to  last :  in 
the  later  stages  it  is  of  the  most  intense  character. 

It  is  invariably  associated  with  Breathlessness  and  Palpitation, 
in  the  later  stages  to  such  an  extent  that  the  patient  is  often 
unable  even  to  sit  up  in  bed,  without  feelings  of  faintness.  The 
heart  is  dilated ;  and  loud  systolic  murmurs  are  heard  over  the 
mitral,  tricuspid,  and  pulmonary  areas:  also  in  the  vessels  of 
the  neck.  In  the  later  stages,  the  heart-weakness  is  accom- 
panied by  some  oedema  at  the  bases  of  the  lungs. 

7.  Want  of  Appetite  is  a  constant  and  common  complaint, 
amounting  sometimes  to  a  positive  loathing  for  food.  In  rare 
cases,  the  opposite  condition  prevails :  the  patient  desires  to  eat 
too  much. 

8.  Sleeplessness  is  a  common  symptom,  both  in  the  earlier 
and  in  the  later  stages  :  In  the  later  stages,  it  often  gives  place 
to  a  marked  drowsiness  presenting,  in  some  cases,  certain  special 
features  (p.  310). 

9.  Urine  normal,  or  increased  in  quantity :  of  normal  or 
subnormal  specific  gravity ;  acid  in  reaction  ;  of  varying  colour, 
sometimes  pale,  sometimes  darker;  urea^  either  absolutely,  or 
only  relatively,  increased  ;  ^  7iric  acid  relatively  increased  ;  often 
giving  a  reaction  of  indican. 

10.  Retinal  Hmnorrhages  distributed  over  the  whole  of  the 
retina;  sometimes  single,  sometimes  in  extraordinary  number; 
usually  very  minute,  sometimes  as  large  as  the  optic  papilla  ; 
in  shape,  round,  irregular,  or  in  lines ;  usually  situated  in  the 
neighbourhood  of  a  blood-vessel ;  if  recent,  of  a  bright  red  colour, 
afterwards,  more  brownish-red. 

11.  Epistaxis  sometimes  occurs  early  in  the  disease  :  at  other 
times  only  late  in  its  course ;  sometimes  so  frequent,  and  so 
marked,  that  it  adds  greatly  to  the  anaemia  existing. 

1  Regarding  excretion  of  urea  and  uric  acid,  see  valuable  observations  of  Eichhorst 
{op.  cit.);  Laache  {pp.  a'l.) ;  and  Mott.    Lancet,  i.,  1889. 
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Summary.— These,  then,  are  the  prominent  symptoms  which 
fall  within  the  first  group  mentioned  as  being  apparently 
referable  to  the  anaemia  itself.  The  relation  between  them  and 
the  poverty  of  blood  seems  obvious.  If  they  comprised  the 
whole  of  the  symptoms  of  the  disease,  one  might  reasonably 
consider,  that  the  disease  was  without  any  symptoms  other  than 
those  referable  to  the  degree  of  general  anaemia  itself. 

And  yet  with  regard  to  many  of  these,  I  have  to  point  out 
that  they  are  only  in  part— not  wholly, — caused  by  the  degree  of 
anaemia  present.  That  is  to  say,  the  weakness,  lassitude,  inability 
for  exertion,  breathlessness,  palpitation,  etc.,  are  not  always 
proportionate  to  the  degree  of  aniiemia  present.  On  the  con- 
trary : 

( 1 )  TJiey  may  all  be  extremely  marked,  with  a  relatively  good 
condition  of  blood ;  or 

(2)  They  may  all  be  absent,  with  a  much  poorer  condition  oj 
blood. 

In  other  words,  with  regard  even  to  these  general  features, 
some  other  factor  than  mere  degree  of  ancemia  is  at  work. 

A  patient  may  be  very  ill,  with  over  60  per  cent,  of  red 
corpuscles  and  haemoglobin  ;  while  another  may  feel  very  well 
with  only  half  that  proportion.  And  even  in  the  same 
patient  at  different  times :  he  may  be  so  ill  that  he  can  hardly 
w^alk  or  even  sit  up,  with  his  blood  shewing  26  per  cent,  of 
corpuscles,  and  40  per  cent,  of  haemoglobin  :  and  two  months 
later  he  may  be  able  to  go  about  from  morning  to  night,  take 
walks,  go  up  and  down  stairs,  eat  well,  and  describe  himself  as 
"  feeling  better  than  he  had  done  for  several  years  " — yet  his  blood 
only  shew  28  per  cent,  of  corpuscles  and  35  per  cent,  of  haemo- 
globin (Case  10). 

I  consider  this  a  remarkable  feature  of  the  disease — one  which 
demonstrates  that  the  clinical  features,  even  the  simplest  of 
them,  are  not  referable  to  the  degree  of  anaemia,  and  to  these 
alone. 


CHAPTER  XXV. 
II.  H^EMOLYTIC  CHANGES  IN  THE  URINE.^ 

A.  Urobilinuria. 

The  Urine: — Quantity.  The  quantity  placed  at  my  disposal  from 
day  to  day  during  the  last  two  and  a  half  months  of  the  patient's 
illness  varied  from  i8  to  52  ounces.  These  figures  represent 
only  approximately  the  quantities  daily  passed,  for  in  the 
earlier  periods  there  was  a  good  deal  of  intestinal  disturb- 
ance, and  much  of  the  urine  was  therefore  necessarily  lost. 
During  the  last  three  weeks,  when  there  was  less  disturbance 
of  this  nature,  and  the  patient  was  in  a  condition  of  exceeding 
weakness,  taking  little  nourishment,  the  quantity  varied  from 
40  to  52  ounces. 

The  Reaction  was  acid  throughout ;  sometimes  very  acid. 

Specific  Gravity. — This  varied  from  loio  to  1020.  The  time 
over  which  the  observations  extended  may  be  divided  into  three 
periods.  During  the  first  the  average  specific  gravity  was  1016  ; 
during  the  second  1015  ;  and  during  the  third  1014.  The  fall 
in  the  third  period  was  doubtless  due  to  the  circumstance  that 
the  patient's  diet  at  this  time  was  mainly  milk. 

^  The  observations  here  recorded  under  this  title  were  made  on  Case  i  during  the 
last  two  and  a  half  months  of  his  illness  (1889)  ;  they  supplement  in  some  important 
particulars  my  observations  regarding  the  hcemolytic  nature  of  the  disease.  They 
were  published  under  the  title  "  Observations  on  the  Urine  in  Pernicious  Anaemia," 
Ex.  I.  "Excretion  of  Pathological  Urobilin,"  Practitioner,  Aug.  1889;  Proc. 
Camb7-idge  Medical  Soc,  May  1889. 

2.  "Excretion  of  Blood  Pigment,"  Ibid.,  Sept.  T889. 

3.  "  Excretion  of  Iron," /(^?(/.,  Oct.  1889. 
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General  Characters  of  the  Urine. 


Date. 

Quantity. 

Reaction. 

Specific 
Gravity. 

Colour. 

March  9 
10 

„  II 
.,  12 
13 
14 

15 

„  18 

..  19 

„  20 
,,  21 

M  22 

„  23 

April  17 
18 

23 

.,  24 

.,  25 
,,  26 
29 

„  30 
May  I 
2 

3 
4 

„  6 
8 

9 

„  10 
II 

T  "2 

>>  ^3 
.■  14 
15 

n  16 

M  17 
„  18 
„  20 

ozs. 

35 

38i 
18  + 

18  + 
34 

19  + 

21  + 

22  + 

22  + 

20  + 
37 
36 

20  + 
20  + 

37 

28  + 

37 

27  + 
42 

28  + 
42 
40 

49 
35 
35 
52 
42 
35 
49 
35 
52 

52 

42 
41 
52 
42 

Acid. 
) » 
I ) 

>  > 

*  1 

> » 

I  > 
>) 
( > 
1 » 

>) 

Very  acid. 
Acid. 

>  > 

)  > 
) ) 
) ) 
J ) 
)  > 
II 
>) 
)> 
1 5 
) ) 

>  > 

)) 
>> 

)> 

)  J 
} ) 

1015 
1020 
1020 
1020 
1016 
1016 

1014 

1015 

1016 

1017 
1018 
1014 
1016 

lOIO 

1018 

1017 

1016 

1016 
1015 
1015 
1014 
1016 
1014 

lOIO 
I0I2 
IOI3 
IOI3 
IOI4 
IOI5 
IOI4 
IOI4 
IOI6 
IOI6 
IOI4 
IOI5 
IOI5 
1016 

Clear,  and  very  high  coloured. 
>)  >> 
>  1  >> 

)>  51 

,,             ,,  No  sediment. 
Slightly  muddy ;  a  heavy  deposit 
of  uric  acid  crystals.    After  fil- 
tration, less  high  coloured  than 
before ;    rosy-red    deposit  on 
filter. 

Still   muddy,    but    less   so  than 
yesterday ;    colour  appreciably 
less  than  that  of  the  13th  ;  a 
heavy  deposit  of  uric  acid  crys- 
tals. 

Urine  clear,  and  of  dark  sherry 
colour.     No  deposit  of  urates 
or  uric  acid. 

Cloudy  ;  heavy  deposit  of  urates. 
Very  high  coloured,  but  clear. 
Colour  not  so  high. 
Colour  very  high;  urine  clear. 

No  deposit  of  urates   or  uric 

acid. 

Lighter  in  colour  than  at  any  time 
yet  seen. 

Very  high   coloured;  deposit  of 

uric  acid. 
Still    very    high.       Clear;  no 

deposit. 

Colour   high;    heavy   deposit  of 
uric  acid  on  standing. 
>>  >> 

Urine  slightly  muddy. 

Colour  very  high. 
> '           )  1 
1 '  )j 
"  >) 
"  )» 
>>  I) 
)i           ) ) 

Exceedingly  high  coloured. 

>>  )) 
»>  )) 
'J  >) 
"  )> 
>>  )> 
»>  >> 
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Colour. — -The  colour  of  the  urine  was  the  most  striking  feature 
throughout.  This  was  exceedingly  high,  varying  slightly  from 
time  to  time,  sometimes  even  from  day  to  day,  but  in  all  cases 
remaining  very  much  higher  than  ever  observed  in  conditions 
of  health.  I  only  saw  the  case  from  time  to  time,  in  consultation 
with  his  doctor;  but  I  found  myself  able,  to  some  extent,  to 
judge  of  the  condition  of  the  patient,  from  day  to  day,  by  the 
colour  of  the  urine  sent  to  me. 

The  colour  was  that  of  an  extremely  dark  sherry,  presenting 
generally  at  the  same  time  something  of  an  olive  tinge. 

The  urine  was  lightest  in  colour  on  April  17,  and  this  change 
was  associated  with  an  improvement  in  the  condition  of  the 
patient  the  most  marked  at  any  time  observed.  On  this  day 
there  occurred  a  sudden  and  marked  exacerbation  of  all  his 
symptoms,  with  great  weakness,  drowsiness,  marked  lemon  colour, 
dark  colour  of  stools  ;  and  the  urine  again  became  very  dark. 

The  same  relation  between  these  attacks  and  the  colour  of 
the  urine  was  observed  on  April  23.  In  neither  instance  did 
the  specific  gravity  rise  correspondingly,  as  usually  occurs  in 
fever.  This  absence  of  relation  between  the  colour  of  the  urine 
and  its  quantity  or  specific  gravity  was  best  observed  in  the 
later  stages  of  the  illness,  when,  as  I  have  stated,  the  quantity 
was  greatest  and  the  specific  gravity  lowest ;  and  yet  it  was  at 
this  time  that  the  colour  was  highest. 

The  urine  was  usually  perfectly  clear,  and  transparent.  On 
two  or  three  occasions,  it  was  slightly  muddy ;  and  on  two 
occasions  (March  14th  and  15th),  at  a  time  when  arsenic  was 
being  pushed  a  little  too  rapidly,  it  was  very  muddy,  and  threw 
down  a  heavy  deposit  of  urates  with  uric  acid  crystals.  At  the 
same  time,  there  were  some  pain  and  difficulty  in  micturition, 
which  soon,  however,  passed  off. 

Pigments. 

Bile  Pigments.  —  With  regard  to  the  cause  of  this  high 
colour  of  the  urine,  at  no  time  were  any  bile  pigments  to  be  de- 
tected. In  addition  to  the  ordinary  method  of  applying  the 
Gmelin  test,  I  used  the  one  recommended  by  Hoppe-Seyler, 
when  other  colouring  matters  such  as  hemoglobin  or  urobilin  are 
present — namely,  precipitating  the  urine  with  a  moderate  quantity 
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of  milk  of  lime,  shaking  well,  then  filtering  off  the  precipitate,  and 
washing  with  water.  A  few  drops  of  impure  nitric  acid,  allowed 
to  fall  on  the  precipitate  on  the  filter,  gives  the  well-known  colour 
reactions,  if  any  bile  pigments  are  present. 

Uro-erythrin. — On  a  few  occasions,  when  there  was  a  heavy 
deposit  of  urates,  there  was  a  considerable  quantity  oiuro-erythnn, 
the  colouring  matter  so  frequently  found  in  the  urine  of  fever 
patients,  giving  a  well-marked  rose-red  colour  to  the  paper  when 
filtered.  Heemoglobin  was  never  found,  either  on  chemical  or 
on  spectroscopic  examination. 

Urobilin. — On  spectroscopic  examination^  however,  I  found  a 
well-marked  absorption  band  lying  close  to  the  line  F  of  the 
spectrum,  and  fading  off  toward  the  line  b,  with  at  the  same 
time  a  considerable  absorption  of  the  outer  part  of  the  blue 
portion  of  the  spectrum  (i  and  2,  fig.  14). 

The  colouring  matter,  which  gave  this  spectrum,  I  was  able 
to  separate  in  large  quantities,  by  shaking  the  urine  gently  for 
some  time  with  half  its  volume  of  chloroform,  decanting  off  the 
solution,  and  then  evaporating  to  dryness.  After  again  being 
taken  up  in  chloroform,  filtered,  and  evaporated,  a  residue  of 
a  brownish-red  colour  remained,  readily  soluble  in  alcohol,  the 
solution  shewing  the  same  well-defined  spectrum  band  as  the 
urine  itself. 

On  addition  to  the  urine  of  a  few  drops  of  an  alcoholic  solution 
of  chloride  of  zinc,  a  very  marked  green  fluorescence  was  de- 
veloped ;  the  band  became  somewhat  narrower,  its  darkest  part 
being  still  on  the  side  next  F,  and  at  the  same  time  displaced 
more  towards  the  line  b  (3  and  4,  fig.  14).  On  further  addition  of 
a  few  drops  of  ammonia  the  spectrum  still  shewed  an  absorption 
band  between  and  b.  Its  characters,  however,  were  changed, 
its  darkest  portion  now  being  seen  close  to  b,  and  the  band  fading 
off  towards  F  (5,  fig.  14). 

Both  as  regards  its  spectrum  and  its  chemical  behaviour 
(green  fluorescence  with  zinc  chloride),  the  colouring  matter 
present  in  such  large  quantities  had  all  the  characteristics  of 
the  pigment  termed  pathological  urobilin,  as  described  by  Dr. 
MacMunn,^  from  a  case  of  intraperitoneal  haemorrhage. 

1  "  On  the  Origin  of  Normal  and  Pathological  Urobilin,"  Journal  of  Physiology, 
X.  p.  71,  plates  X.  and  xi. 
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Uro-h(Bmatoporphynn. — It  is  possible,  that  in  addition  to  the 
pathological  urobilin,  there  was  also  present  in  the  above  case 
some  uro-hcematoporphyj'in,  since,  as  MacMunn  shews,  the 
presence  of  a  band  at  F  in  an  acid  solution,  the  development  of 
a  green  fluorescence  with  zinc  chloride  and  ammonia,  and  the 
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Fig.  14. — Absorption-spectra  of  Urinary  Pigment  in  Pernicious 

AN/EMIA. 

1.  Solution  of  pigment  in  alcohol. 

2.  The  same,  more  diluted. 

3.  Solution  after  addition  of  a  few  drops  of  zinc  chloride. 

4.  The  same,  diluted. 

5.  The  same,  after  further  addition  of  a  few  drops  of  ammonia. 

shifting  of  the  band  towards  the  red  with  ammonia  (5,  fig.  14) 
are  as  characteristic  of  uro-hsematoporphyrin,  as  of  pathological 
urobilin.  The  fact,  however,  that  the  green  fluorescence  was  so 
marked  on  the  addition  of  zinc  chloride  alone,  leads  one  to 
conclude,  that  in  the  above  case  the  colouring  matter  was 
mainly  pathological  urobilin. 
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The  presence  of  this  colouring  matter  in  such  quantities  in 
pernicious  anzemia  appears  to  me  to  have  a  twofold  significance, 
both  pathological  and  diagnostic. 

Pathological  Significance. — That  in  all  cases  pathological 
urobilin  is  a  product  derived  from  the  disintegration  of  hemo- 
globin there  is  no  doubt.  As  MacMunn  has  shewn,  pathological 
urobilin  is  quite  distinct  from  the  urobilin  of  healthy  normal 
urine.  However  deep  the  layer  of  fluid  may  be,  the  absorption 
band  at  F  of  this  normal  urobilin  never  appears  broad  and  black 
like  that  of  pathological  urobilin  (i,  fig.  14);  and  further,  with 
the  former,  no  green  fluorescence  is  developed  with  zinc  chloride. 
This  observation  I  consider  to  be  one  of  great  value  and 
importance.  It  points  to  a  difference  in  the  conditions  leading 
to  the  appearance  of  normal  and  pathological  urobilin  in  the 
urine. 

Both  of  them  have,  in  all  probability,  a  double  origin — from 
hzematin  ;  and,  by  a  process  of  reduction,  from  the  pigments  of 
the  bile. 

MacMunn's  observations  go  far  to  shew  that  normal  urobilin 
is  in  all  probability  derived  from  haematin  in  the  tissues, 
perhaps  also  from  the  haematin  of  the  food.  It  is  with  difficulty 
obtained  from  bile  pigments,  while  it  is  easily  obtained  from 
haematin.^ 

Origin  from  Bile  Pigment.— Ow  the  other  hand  pathological 
urobilin  is  in  all  probability  derived  mainly  from  the  bile 
pigments,  and  to  a  less  extent  from  hasmatin.  In  the  bile 
MacM  unn  has  indeed  found  a  urobilin-like  substance  con- 
vertible by  oxidation  into  one  closely  resembling  pathological 
urobilin. 

Whether  derived  therefore  from  the  bile  pigments,  or  from 
this  urobilin-like  substance  excreted  with  the  bile,  we  have  at 
least  ample  evidence,  in  the  above  case,  that  the  excretion  of 
pathological  urobilin  was  connected  with  a  largely  increased 
secretion  of  bile. 

A  darker  character  of  the  faeces  was  noted  from  time  to 
time  in  association  with  the  recurrent  aggravations  of  weakness. 

1  [The  later  exhaustive  studies  of  Dr.  Gowland  Hopkins  and  Dr   Garrod  and 
others  shew  that  urobilin  is  formed  from  bile  pigments  within  the  intestinal  canal.] 
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At  the  same  time,  the  urine  contained  much  more  colouring 
matter. 

In  one  case  of  pernicious  anaemia,  I  found  still  more  certain 
evidence  of  this  increased  secretion  of  bile.  The  duodenum  and 
upper  part  of  the  small  intestine  contained  a  very  large  quantity 
of  highly  concentrated  bile,  extremely  rich  in  pigments. 

I  think  there  can  be  no  doubt,  therefore,  that  in  the  excre- 
tion of  such  large  quantities  of  pathological  urobilin,  we  have 
further  valuable  evidence  as  to  the  essential  nature  of  this 
disease,  namely,  that  it  depends,  as  I  have  maintained  elsewhere, 
on  an  excessive  destruction  of  blood  : — in  other  words,  that 
pernicious  anaemia  is  h.'emolytic  in  its  nature. 

In  the  present  case  the  richness  of  the  urine  in  colouring 
matters  could  have  had  absolutely  no  relation  to  the  absorption 
of  colouring  matter  derived  from  the  food  ;  for  during  the  latter 
part  of  the  illness  the  patient's  diet  was  as  little  nitrogenous 
as  possible,  and  consisted  mainly  of  milk. 

In  this  connection,  namely,  the  derivation  of  this  colouring 
matter  indirectly  from  haemoglobin  through  the  bile  pigments, 
it  may  be  pointed  out  that  the  cases,  hitherto  described,  in 
which  pathological  urobilin  has  been  found  in  greatest  quantity, 
have  been  instances  in  which  large  extravasations  of  blood 
were  in  process  of  absorption, — a  largely  increased  formation 
of  bile  pigments  following  the  destruction  of  the  haemoglobin, 
supplied  to  the  liver,  in  increased  quantity,  under  such  circum- 
stances. 

Origin  from  Hcsniatin  and  Blood  Pigment. — In  addition  to 
its  origin  from  the  pigments  contained  in  the  bile,  I  conceive  it 
likely,  however,  that  another  probable  source  of  the  pathological 
urobilin  in  pernicious  anaemia,  is  the  pigment  found,  as  my 
former  observations  shew,  in  such  great  abundance  within  the 
liver. 

I  am  the  more  inclined  to  arrive  at  the  conclusion  from  the 
appearances  presented,  post-jnortem,  in  the  foregoing  case.  The 
urine  remained  of  high  colour  to  the  very  last ;  but,  on  />ost- 
inortem  examination,  no  excess  of  bile  was  found  in  the 
duodenum  or  small  intestine.  On  the  contrary,  the  mucous 
membrane  was  covered  with  only  slightly  bile-stained  mucus. 
The  probable  origin  of  pathological  urobilin  in  other  organs  of 
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the  body  from  products  of  blood-destruction,  as  well  as  from 
the  pigments  of  the  bile  within  the  intestinal  tract,  is  thus  to 
be  kept  in  mind. 

Diagnostic  Significance —hs  regards  its  bearing  on  diagnosis, 
the  excretion  of  such  large  quantities  of  colouring  matter  in 
the  urine— entirely  independent,  be  it  noted,  of  fever,  or  of 
any  diminution  in  the  quantity  of  the  urine,  or  rise  in  the 
specific  gravity — is,  I  think,  of  the  greatest  interest  and  im- 
portance. 

In  former  observations,  my  conclusions  regarding  the  haemo- 
lytic  nature  of  this  disease  were  based  on  : — 

(1)  A  consideration  of  the  pigment  changes  to  be  found  after 
death,  especially  in  the  liver. 

(2)  The  possibility  of  inducing  experimentally  similar  changes 
in  animals  by  the  action  of  blood-destroying  agents. 

As  I  stated,  evidence  of  this  destruction  would  in  all  proba- 
bility be  found  in  the  urine.  But,  as  it  happened,  I  had  no 
case  at  the  time  to  make  the  necessary  observations  upon. 

The  high  colour  of  urine  has  been  noted  and  commented 
on  in  this  relation  by  other  observers — Eichhorst,  Pye-Smith, 
Bristowe,  and  most  recently  by  Mott.^  Dr.  Mott  has  pointed 
out,  that  the  high  colour  of  the  urine  observed  in  his 
case  "  bears  out  strongly "  my  views ;  and  "  strongly  sup- 
ports the  conclusions "  I  have  arrived  at  in  the  foregoing 
studies,  as  to  the  hsemolytic  nature  of  the  disease.  He 
states  that  to  his  mind  these  studies  have  "  very  definitely 
shewn  that  the  essential  features  of  pernicious  anaemia  are 
excessive  destruction  of  blood  corpuscles,  the  seat  of  the  dis- 
integration being  the  portal  system,  more  especially  that  portion 
of  it  contained  within  the  liver  and  spleen,  the  process  seeming 
to  commence  by  a  liberation  of  haemoglobin  in  the  spleen,  which 
was  carried  to  the  liver  to  be  disposed  of." 

He  thinks  it  likely  that  the  urobilin  is  split  off  from  the 
haemoglobin  molecule  within  the  liver,  the  iron  remaining 
within  the  liver. 

With  this  conclusion  as  to  the  significance  of  high  coloured 
urine  in  this  disease,  I  agree.  In  the  light  of  the  foregoing 
observations,  it  will  become  more  and  more  a  matter  of  import- 
'  "A  Case  of  Pernicious  Antemia."    The  Lancet,  i.,  1889,  p.  520. 
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ance  to  observe  the  condition  of  the  urine. in  all  cases  of  anaemia 
of  doubtful  nature. 

The  only  an?emia  liable  to  be  mistaken  for  pernicious  anaemia, 
both  as  regards  its  general  features  and  the  degree  of  change  in 
the  blood,  is  the  anaemia  resulting  from  loss  of  blood.  I  have 
already  indicated,  that  as  regards  the  changes  in  the  blood  in 
the  two  forms,  important  differences  exist,  which  enable  one  to 
state  with  some  degree  of  certainty,  whether  the  anaemia  is 
pernicious  or  traumatic, — the  chief  one  being  the  relatively  high 
haemoglobin  percentage  in  pernicious  anaemia. 

It  now  becomes  clear,  that  an  equally  important  difference 
must  exist  as  regards  the  condition  of  the  urine  in  the  two 
forms.  The  urine  of  traumatic  anaemia  is  invariably  extremely 
pale  ;  and  I  have  found  this  the  case,  even  when  some  degree 
of  fever  is  present. 

The  pathological  processes  underlying  pernicious  anaemia 
must,  on  the  other  hand,  always  be  associated  with  a  formation 
of  effete  pigments,  and  colouring  matters,  evidence  of  which 
ought  invariably  to  be  found.  Such  evidence  in  the  above 
case  I  judge  was  found  in  : — 

(1)  The  marked  lemon-colour  presented  by  the  patient, 
which  varied,  as  I  have  stated,  in  a  remarkable  manner,  the 
variations  corresponding  with  a  variation  in  colour  of  the  urine. 

(2)  The  slight  degree  of  jaundice  observed  at  one  time,  and 
so  frequently  met  with  in  other  cases  (see  Part  IX.). 

(3)  The  increased  formation  of  bile  pigments,  as  shown  by 
the  dark  colour  of  the  faeces. 

(4)  The  high  colour  of  the  urine. 

If,  in  addition,  in  any  case  of  severe  anaemia  presenting  the 
group  of  clinical  features  I  have  described,  the  colouring  matter 
present  be  found  to  be  pathological  urobilin,  I  should  consider 
this  fact  (in  the  absence  of  fever,  with  urine  undiminished  in 
quantity,  and  of  low  specific  gravity)  as  absolutely  diagnostic 
of  the  existence  of  pernicious  anaemia.^ 

Dr.  Mott  has  since  recorded  ^  another  case  of  this  disease 
in  which  the  pigment  found  by  himself  and  Dr.  Halliburton 
was  urobilin.  In  reference  to  the  foregoing  observation  of  mine. 
Dr.  Mott  expresses  the  opinion,  that  it  is  of  comparatively  little 

1  Hunter,  o/>.  cit.,  Practiiioner,  1889.  -  Lancet,  vol.  i.,  1S90. 
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importance  which  variety  of  pigment  is  present ;  the  chief  interest 
attaching  to  the  presence  of  "  urobiHn  "  in  such  large  quantity 
is  that  it  serves  to  explain  the  presence  of  iron  in  the  liver 
in  such  cases,  both  being  evidences  of  an  "exaggerated  physio- 
logical process"  of  blood  destruction.  With  reference  to  this, 
I  have  to  note,  that  the  pigment  I  found  was  not  in  itself  the 
cause  of  the  high  colour  of  the  urine.  After  its  removal  from  the 
urine  by  means  of  chloroform  the  urine  retained  much  of  its 
original  colour.  Furthermore,  it  was  present  in  very  varying 
quantity  at  different  times,  even  in  urine  presenting  the  same 
high  colour.  Thus,  while  its  characteristic  absorption  band  was 
sometimes  lost  on  dilution  of  the  urine  twice,  at  other  times  it 
was  still  recognizable  after  the  urine  had  been  diluted  as  much  as 
six  or  seven  times. 

My  conclusions  as  to  the  character  of  this  pigment  were 
based  on  numerous  observations,  both  chemical  and  spectro- 
scopic, made  from  day  to  day,  I  have  since  repeated  these 
observations  with  the  pigment  then  separated,  and  still  in  hand 
in  considerable  quantity.  I  have  satisfied  myself  once  more  that 
it  differs  in  important  respects,  both  chemically  and  spectroscopically , 
from  any  pigment  present  in  the  urine  in  health,  or  obtainable  by  the 
method  I  employed  from  tJie  high  coloured  urine  of fever. 

So  far  as  my  observations  go,  the  distinction  drawn  by  Dr. 
MacMunn  between  the  pigment  present  in  the  urine  in  health, 
and  in  high  coloured  urines  generally,  to  which  he  gives  the 
name  of"  normal  urobilin" — and  that  obtainable  from  the  urine 
under  certain  special  conditions,  for  example,  absorption  of 
large  extravasations  of  blood,  to  which  he  gives  the  name 
"  pathological  urobilin,"  is  a  valid  one. 

While  a  high  significance  attaches  to  the  presence  of  high 
coloured  urine  of  low  specific  gravity,  and  in  undiminished 
quantity,  an  altogether  special  significance  attaches,  iji  my  opinion, 
to  the  presence  of  pathological  urobilin  in  such  cases.  It  is  most 
usually  found  in  the  urine  during  absorption  of  large  extravasa- 
tions of  blood— under  conditions  I  would  therefore  define,  as 
primarily  those  in  which  an  undoubted  extensive  destruction  of 
blood  is  going  on,  unattended  by  haemoglobinuria. 

With  regard  to  the  large  excess  of  pigment  in  the  liver,  in 
my  judgment  it  is  the  special  character  of  the  preceding  blood 
destruction  rather  than  blood  destruction  per  se  that  determines 
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the  presence  of  iron  in  such  quantities  in  the  Hver  in  these  cases. 
I  found  it  impossible,  namely,  to  reproduce  a  condition  of  the 
liver  similar  to  that  found  in  pernicious  ansemia,  by  injection  of 
such  reagents  as  distilled  water,  glycerine,  or  even  pyrogallic 
acid.  I  succeeded,  on  the  other  hand,  with  toluylendiamin. 
And  this  fact  appeared  to  suggest  that  the  drug  had  not  only  a 
peculiar  destructive  action  on  the  blood,  but  had  also  "  a  specific, 
not  necessarily  poisonous,  action  on  the  liver  cells."  One  result 
of  its  peculiar  action  on  the  blood,  I  found  was,  that  the  haemo- 
globin remained  combined  with  the  albuminous  constituents  of 
the  corpuscles  or  plasma.  As  the  result  of  its  action  on  the  liver 
cells,  part  of  the  haemoglobin  was  reduced  in  situ  to  the  form  of 
an  albuminate  of  iron,  which  remained  within  the  liver  cell  in 
the  form  of  pigment  granules.  That,  under  these  circumstances, 
the  bye-products  of  pigment  nature,  split  off  from  the  original 
haemoglobin  molecule,  should  differ  from  those  split  off  in 
health,  seems  to  me  quite  likely.  In  health,  such  bye-products 
are  the  bile  pigments,  and  the  pigments  and  chromogens  of  the 
urine,  including  normal  urobilin.  Under  other  conditions,  for 
example,  changes  in  large  extravasations  of  blood,  special  bye- 
products  may  appear,  differing,  it  may  be  slightly,  but  still 
recognizably,  from  the  pigments  usually  formed. 

I  consider  "  pathological  "  urobilin  to  be  such  a  bye-product. 
It  is  formed,  not  only  from  the  bile  pigments  within  the  intestinal 
canal,  but  also  possibly  from  haemoglobin  through  the  agency  of 
cells.  Between  it  and  normal  urobilin  I  conceive  important 
differences  exist.  Its  appearance  in  the  urine  in  pernicious 
ancernia  points  therefore — -far  more  than  any  excess  of  ordinary 
pigments — to  a  preceding  extensive  destruction  of  blood  of  a  special 
natu7'e.  Both  it  and  the  excess  of  iron  in  the  liver  are  explained 
by  the  same  special  cause — a  destruction  of  blood  proceeding 
along  lines,  and  due  to  causes,  differing  from  those  found  in 
health.! 

^  Hunter,  Brit.  Med.  Journ.,  i.,  1890. 
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HiEMOLYTIC  CHANGES  IN  THE  \]m}iE—(con/mued). 

B.  Excretion  of  Blood  Pigment. 

In  the  case  described,  there  were  certain  other  changes  in  the 
urine,  which  seem  to  me  of  some  interest  and  importance. 

In  my  study  of  the  pathology  of  pernicious  ana;mia  I  was 
led  to  the  conclusion,  from  a  consideration  of  the  anatomical 
changes  found  in  the  kidneys,  that  microscopic  examination  of 
the  urine  might  be  found  in  certain  cases  to  throw  not  a  little 
light  on  the  nature  of  the  anaemia  we  had  to  deal  with.  This 
conclusion  I  find  fully  borne  out  by  the  results  of  observations 
in  the  present  case. 

The  chief  result  of  these  observations,  it  will  be  recalled, 
was  to  shew  : — 

(1)  That  the  essential  feature  of  this  form  of  anaemia  is 
excessive  destruction,  and  not  in  the  first  instance  any  impaired 
formation  of  blood. 

(2)  That  the  characteristic  feature  of  this  blood-destruction, 
by  which  it  is  in  the  first  place  to  be  distinguished  from  that 
occurring  in  paroxysmal  ha;moglobinuria,  is  that  it  is  initiated  in, 
and  for  the  most  part  limited  to,  the  portal  circulation — the  chief 
seats  of  the  destruction  within  this  area  being  the  spleen,  the 
capillaries  of  the  liver,  and  the  radicles  of  the  portal  system 
within  the  gastro-intestinal  walls. 

This  limitation  of  the  destructive  process  serves  to  explain 
why  the  liver  is  so  constantly  the  seat  of  the  important  and 
characteristic  changes  then  described,  inasmuch  as  all  the  haemo- 
globin set  free  is  necessarily  carried  to  that  organ  in  the  first 
instance.  It  also  serves  to  explain  why  hemoglobinuria  is  not 
a  symptom  of  the  disease,  notwithstanding  that  in  many  cases 
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a  considerable,  and  sometimes  very  sudden,  destruction  of 
blood  takes  place.  The  haemoglobin  liberated  by  such  an 
occurrence  is,  within  certain  limits,  entirely  disposed  of  while 
passing  through  the  liver,  either  by  being  excreted  in  the  form 
of  bile-pigments  or  by  being  stored  up  in  the  form  of  blood- 
pigments. 

I  concluded,  however,  that  the  blood-destruction  is  not 
always  confined  within  these  limits.  The  course  of  the  disease 
is  usually  marked  by  exacerbations  more  or  less  periodic,  during 
which  the  amount  of  blood-destruction  may  be  so  great,  that  the 
liver  is  unable  to  dispose  of  all  the  hjemoglobin  supplied  to  it. 
The  haemoglobin  then  passes  into  the  general  circulation,  and  is 
excreted  by  the  kidneys.  Evidence  of  such  an  excretion  I 
found  in  the  large  quantity  of  pigment  present  in  the  kidneys  in 
certain  cases  of  the  disease  I  had  examined,  the  situation  and 
character  of  which  alike  pointed  to  haemoglobin  as  its  source. 

That  under  such  circumstances  haemoglobin,  or  any  of  its 
immediate  derivatives,  had  never  been  found  in  the  urine  was  a 
remarkable  fact,  and  seemed  to  me  at  first  sight  to  negative  the 
view  that  hi^moglobin  in  any  form  was  excreted  by  the  kidneys. 

In  the  case  now  under  consideration  I  had  an  opportunity  of 
satisfying  myself  as  to  the  freedom  of  the  urine  from  such 
evidences  of  blood-destruction.  During  the  last  three  months  of 
the  patient's  illness  there  were  two  well-marked  exacerbations 
such  as  I  have  referred  to  ;  both  of  them  sudden  in  their  onset, 
and  attended  by  great  weakness,  drowsiness,  slightly  increased 
temperature  (not  exceeding,  however,  ioo°  F.),  a  more  marked 
lemon  tint  of  the  skin,  and  an  exceedingly  high  colour  of  the 
urine. 

Certain  of  these  clinical  phenomena,  more  especially  the 
excretion  of  the  large  quantities  of  '  pathological '  urobilin 
already  described,  undoubtedly  pointed  to  an  increased  destruc- 
tion of  blood,  comparatively  sudden,  too,  in  its  occurrence.  Never- 
theless, at  no  time  was  haemoglobin  or  any  of  its  immediate 
derivatives,  such  as  methaemoglobin  or  acid  haematin,  to  be 
found  in  the  urine. 

The  discrepancy  between  the  clinical  phenomena  and  the 
pathological  events  I  have  supposed  to  occur  at  this  time  is, 
however,  more  apparent  than  real. 
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As  I  have  already  pointed  out,  the  absence  of  haemoglobin 
or  any  of  its  immediate  derivatives  from  the  urine  in  such  cases 
is  to  be  explained  by  the  special  form  in  which  the  haemoglobin 
reaches  the  kidneys.  Instead  of  being  free,  the  hemoglobin 
liberated  from  the  corpuscles  remains  combined  in  some  peculiar 
way  with  the  albuminous  constituents  of  the  corpuscle  or  of  the 
plasma. 

The  evidence  pointing  to  this  conclusion  was  considered  in 
Chapter  XIII.,  and  need  not  therefore  be  dwelt  upon  here. 
I  need  only  add,  that  urine  containing  haemoglobin  in  this 
form  does  not  shew  any  of  the  reactions  of  the  haemoglobin. 
When  it  appears  in  the  urine,  it  does  so  in  form  of  small 
yellow  viscous  droplets,  only  recognizable  on  microscopic  exam- 
ination. 

Corresponding  with  this  difference  in  the  form  of  the  haemo- 
globin, there  are,  I  find,  important  differences  in  the  actual 
channel  by  which  it  is  excreted.  There  is  a  marked  difference 
between  the  changes  in  the  kidneys  in  pernicious  anaemia,  and 
those  in  ordinary  haemoglobinuria.  In  the  latter,  the  chief 
changes  are  the  presence  of  menisci  of  haemoglobin  in  and 
around  the  glomeruli,  and  sometimes  similar  haemoglobin  casts 
in  the  tubules  ;  in  pernicious  anaemia,  the  haemoglobin  is  excreted 
through  the  cells  of  the  convoluted  tubules.  The  changes  are 
limited  to  the  renal  epithelium,  and  consist  in  the  presence  of 
fine  granular  blood-pigment  within  the  epithelium  of  the  con- 
voluted tubules,  none  being  found  in  the  glomeruli. 

This  difference  in  the  character  of  the  changes  in  these  two 
conditions  points,  I  conclude,  to  a  difference  in  the  channels  of 
excretion  of  the  colouring  matter  in  the  two  cases. 

In  ordinary  haemoglobinuria,  the  principal  (most  observers 
consider  the  only)  channel  by  which  the  haemoglobin  passes  into 
the  urine  is  through  the  glomeruli.  If  any  excretion  at  all 
takes  place  through  the  epithelium  of  the  tubules,  this  is  al- 
together of  secondary  importance  to  that  which  occurs  through 
the  glomeruli.  On  this  point  my  observations  are  in  agree- 
ment with  those  of  other  observers.^  Hence  it  is  that  the 
chief  evidences  of  this  excretion  are  to  be  found  in  and  around 
the  glomeruli. 

In  pernicious  anaemia,  on  the  other  hand,  the  absence  of 

^  Adami, /<7//r.  of  Physiology,  1887. 
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pigment  from  the  glomeruli,  and  its  presence  in  the  epithelium 
of  the  convoluted  tubules,  must,  in  my  opinion,  be  regarded  as 
pointing  to  the  epithelium  as  the  chief  channel  of  excretion  of 
the  haemoglobin,  for  the  pigment  has  the  characters  of  that 
formed  from  hjEmoglobin, 

An  analogous  case  of  a  similar  difference  in  the  channels  of 
excretion  is  afforded  after  injection  of  salts  of  iron  or  indigo- 
carmine  into  the  blood.  Gl^evecke^  found,  that  after  injection 
of  salts  of  iron  into  the  blood,  their  excretion  takes  place 
through  the  epithelium  of  the  convoluted  tubules,  and  not 
through  the  glomeruli  ;  and  the  preponderance  of  evidence  goes 
to  shew-  that  the  same  holds  true  for  indigo-carmine  when 
similarly  injected,  the  granules  being  found  in  process  of  excretion 
within  the  renal  cells. 

The  idea  naturally  suggests  itself  in  this  connexion,  that  in 
pernicious  anaemia  we  have  really  to  do  with  an  excretion  of 
some  remote  derivative  of  haemoglobin,  containing  all  the  iron 
of  the  original  haemoglobin  molecule  ;  and  this  idea  cannot  be 
altogether  set  aside  as  unfounded.  On  the  other  hand,  the 
character  of  the  pigment-granules  is  precisely  that  of  pigment 
formed  from  haemoglobin  according  to  my  observations.  Hence 
I  conclude  that  it  is  not  merely  an  iron-derivative  of  the  haemo- 
globin, but  a  modified  form  of  haemoglobin  itself,  which  passes 
into  the  renal  cells  and  is  excreted. 

In  the  case  described,  I  found  clinical  evidence  of  these  pig- 
ment changes  in  the  kidney — in  the  presence  during  the  exacer- 
bations of  the  disease  of  renal  cells  and  casts  containing  granules 
of  blood  pigment. 

'■^ March  9. — At  the  time  I  first  saw  the  patient,  the  most  striking 
character  presented  by  the  urine  was  its  high  colour.  On  microscopic 
examination  nothing  abnormal  was  detected. 

March  10. — A  number  of  faintly  granular  cast-like  structures  are  to 
be  seen,  holding  yellowish  pigment  granules  which  resemble  blood 
pigment  very  closely  in  appearance,  size,  and  colour.  The  casts  are 
short  and  fragmentary,  and  made  up  of  partially  degenerated  cells, 
apparently  of  renal  origin,  the  outlines  of  the  individual  cells  being 
indistinct.    The  yellowish  pigment  granules  are  confined  to  these  cells, 

'  Gltevecke,  Malys  Jahrcsbr.  ii.  Thier-Cheinie,  1883,  p.  182. 
Foster,  Text-book  of  Physiology,  5th  ed,,  vol.  ii.  p.  667. 
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none  being  seen  free.  The  granules  are  sufficiently  large  to  shew 
distinct  outlines  with  the  power  used  (  x  250).  Cells  from  the  bladder 
are  also  seen,  but  they  are  free  from  any  such  pigment. 

''March  ii.— Similar  cells  are  seen  arranged  as  before  in  cast-hke 
groups  of  three,  four,  or  more,  and  containing  yellow  pigment 
granules. 

''March  12.— A  few  isolated  cells  are  seen,  containing  the  same 
yellowish  granules.  The  pigment  is  not  so  abundant  as  before,  and 
the  cells,  which  are  small  and-  round,  and  appear  to  be  renal  in  their 
origin,  are  not  so  numerous.    They  are  no  longer  arranged  in  groups. 

"March  13-18. — Daily  examination  of  the  urine  has  failed  to 
reveal  any  cells  such  as  were  before  seen.  The  urine  on  several  days 
threw  down  a  heavy  deposit  of  urates  and  uric  acid  crystals.  Its  colour 
has  in  the  meantime  improved. 

"March  19-22. — Colour  of  the  urine  has  again  become  higher, 
the  specific  gravity,  however,  still  remaining  1015  to  1018.  On  the 
afternoon  of  March  2  2  the  patient  had  a  marked  exacerbation  of  all  his 
former  symptoms — profound  weakness  with  drowsiness,  increase  of 
lemon  tint  with  apparently  some  slight  degree  of  icterus  of  the 
conjunctivae,  looseness  of  bowels,  and  darker  colour  of  stools. 

"  March  23. — The  urine  markedly  changed  for  the  worse.  Although 
the  specific  gravity  is  not  increased  (1016),  the  urine  presents  a  very 
high  colour ;  it  is  perfectly  clear,  however,  and  throws  down  no 
deposit  on  standing.  On  microscopic  examination,  a  number  of 
degenerated  renal  cells  are  seen,  partly  single,  partly  arranged  in  cast- 
like groups  of  three,  four,  or  more,  most  of  them  containing  yellow- 
pigment  granules.  These  granules  present  exactly  the  appearance  of 
blood-pigment,  and  are  so  numerous  that  some  of  the  cells  seem  filled 
with  them.  No  granules  are  to  be  seen  free ;  they  are  all  contained 
within  renal  cells,  or  their  remains.  The  appearance  of  these  cells 
contrasts  markedly  with  that  of  the  few  cells  from  the  bladder  also 
seen,  the  latter  being  perfectly  free  from  this  pigment.  The  urine  is 
singularly  free  from  amorphous  urates,  so  that  the  appearance  presented 
by  the  yellow  pigment  granules  is  all  the  more  striking.  The  more 
these  cells  are  examined,  the  stronger  becomes  the  conviction,  that  they 
are  renal  in  their  origin,  and  that  the  pigment  they  contain  is  blood- 
pigment.  The  uniform  size  of  the  pigment-granules,  their  spherical 
shape,  and  yellow  or  brownish-yellow  colour,  are  precisely  the  characters 
of  blood-pigment  granules. 

"  I  did  not  see  the  patient  after  this  for  a  period  of  three  weeks. 
In  the  meantime  he  had  recovered  from  his  attack  of  increased 
weakness,  and  had  indeed  gained  ground.    I  found  him  on  my  return 
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considerably  improved  in  health,  his  appetite  better,  the  colour  return- 
ing to  his  lips  and  gums,  and  he  himself  feeling  altogether  stronger  and 
better. 

April  17. — Urine  lighter  in  colour,  and  more  nearly  normal 
than  at  any  time  yet  observed.  On  the  afternoon  of  this  day, 
there  was  a  second  exacerbation  in  all  respects  similar  to  the 
first. 

April  18. — Colour  of  the  urine  again  very  high.  On  microscopic 
examination,  renal  cells  seen  as  before  containing  yellowish  pigment 
granules,  easily  distinguishable  by  their  colour  and  appearance  from 
the  surrounding  urates.  Some  of  the  cells  are  grouped  together  in 
cast-like  form,  but  most  of  them  are  single." 

Further  details  of  these  examinations  during  the  remainder 
of  the  illness  need  not  be  given.  Cells,  similar  in  character 
to  those  already  described  and  with  similar  contents,  continued 
to  appear  from  time  to  time  in  the  urine.  For  the  patient's 
condition  from  the  time  of  this  last  exacerbation  became  rapidly- 
worse,  the  colour  of  the  urine  remained  continuously  and 
persistently  high,  higher  even  than  before,  notwithstanding 
that  the  quantity  was  undiminished,  and  the  specific  gravity 
lower  (1014). 

What  was  the  meaning  of  these  changes  found  on  micro- 
scopical examination  ?  The  consideration  already  given  to  the 
histological  changes  met  with  in  the  kidney  supplies  the  answer. 

I  was  at  first  unwilling  to  accept  the  view,  which  naturally 
suggested  itself,  that  the  pigment  found  in  such  small  quantity 
came  from  the  kidney.  The  gradual  diminution  in  the  number 
of  cells,  and  in  the  quantity  of  pigment,  from  Majxh  10  onwards, 
and  the  final  disappearance  of  both  cells  and  pigment  after 
March  13,  led  me,  however,  to  conclude  that  such  was  the 
case.  For  this  disappearance  was  connected  with  a  change  in 
the  patient's  diet,  with  what  appeared  to  be  a  resulting  slight 
improvement  in  his  general  condition. 

The  diet  of  the  patient  at  the  time  he  was  first  seen  was  of  a 
highly  stimulating  and  nitrogenous  character,  consisting  of 
meat  juices,  beef-tea,  &c.  Since  my  observations  on  the  nature 
of  blood-destruction  denoted  that  such  a  diet  was  perhaps  the 
best  fitted  of  any  to  ensure  an  increased  destruction  of  blood 
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even  in  health,  a  blander  and  less  nitrogenous  one  was  substituted 
on  March  1 1,  two  days  after  he  was  first  seen. 

The  disappearance  of  pigment-cells  from  the  urine,  and  the 
slight  improvement  in  the  health  of  the  patient,  seemed  at  first 
to  justify  this  step.  But  the  change  for  the  better  was  only  of 
short  duration.  Exacerbations  more  or  less  acute  occurred  at 
intervals,  apparently  uninfluenced  by  the  treatment  adopted. 

With  each  exacerbation  there  was  a  reappearance  of  these 
pigment-carrying  renal  cells  in  the  urine.  The  connection,  in 
point  of  time,  between  the  two  occurrences  was  so  close,  as  finally 
to  satisfy  me,  that  they  stood  to  each  other  in  the  relation  of 
cause  and  effect :  the  greater  blood-destruction  initiated  by  the 
exacerbation  was,  in  fact,  evidenced  by  the  excretion  of  blood- 
pigment  in  the  urine.  The  cells  were  such  as  had  probably 
become  detached  from  the  convoluted  tubules  under  the  extra 
strain  thrown  upon  them  in  the  excretion  of  the  pigmentary 
material  supplied  to  them  from  the  blood.  The  character  of  the 
pigment  they  contained  was  precisely  such  as  that  already 
described,  and  such  as  I  afterwards  found  post-inorteni  within 
the  kidney  in  this  case. 

Significance. — It  is  perhaps  unnecessary  to  point  out  on  the 
pathological  bearing  of  this  excretion  of  pigment,  or  its  import- 
ance from  a  diagnostic  point  of  view.  The  observations  recorded 
speak  for  themselves. 

As  regards  its  pathological  significance,  the  appearance  of 
this  pigment  in  the  urine,  in  the  form  I  have  described,  bears 
out  fully  what  I  have  already  said  regarding  the  excretion  of 
haemoglobin  by  the  kidneys  in  cases  of  pernicious  anaemia, 
and  the  channels  by  which  this  excretion  takes  place. 

As  regards  its  bearing  on  diagnosis,  the  discovery  of  pigment 
cells  in  the  urine  in  a  doubtful  case  of  anaemia,  if  combined 
with  a  high  colour  of  the  urine,  and  especially  with  an  excretion 
of  pathological  urobilin,  would  undoubtedly  in  my  opinion  go 
far  to  establish  the  case  as  one  of  pernicious  anaemia. 
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C.  Excretion  of  Iron. 

In  the  light  of  the  observations  already  recorded  regarding 
the  excretion  of  haemoglobin,  and  its  appearance  in  the  urine 
in  the  form  of  blood-pigment,  it  became  a  matter  of  some 
interest  to  determine  what  was  the  excretion  of  iron  in  pernicious 
anaemia  as  compared  with  that  of  health. 

My  former  observations  had  shewn  that  as  the  result  of  the 
excessive  blood-destruction  prevailing,  there  was  an  accumula- 
tion of  iron  in  certain  organs  of  the  body — notably  within  the 
liver,  and  occasionally  also  within  the  kidneys.  It  seemed  not 
improbable,  therefore,  that  the  urine  might  shew  some  evidence 
of  this  greater  destruction  in  the  form  of  an  increased  excretion 
of  iron. 

At  the  time  my  observations  were  made,  I  was  naturally 
unaware  of  the  condition  of  the  kidneys  in  the  particular  case 
described,  that  is  to  say,  of  the  presence  of  a  very  large  excess 
of  pigment  lying  within  the  cells  of  the  convoluted  tubules. 
This  condition  obviously  rendered  a  considerably  increased 
excretion  of  iron  all  the  more  likely. 

Iron  in  the  Urine. 

Iron  is  a  constant  constituent  of  the  urine  in  health.  It  is  present, 
however,  in  exceedingly  small  quantity,  and  in  such  a  form  as  only  to  be 
recognizable  on  very  careful  analysis  of  the  ash.  The  presence  of  free 
iron  in  the  urine  can  be  recognized,  as  Hamburger  ^  has  shewn,  by  its 
characteristic  reaction  with  sulphide  of  ammonium,  even  when  in  such 
dilution  as  i  to  10,000.  The  iron  normally  present  in  the  urine  gives 
1  Hamburger,  Zeitschrift  fiir  physiol.  Chemie^  ii.  191  (1878). 
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no  reaction  with  this  reagent.  We  must  conclude,  therefore,  that  it  is 
present  in  organic  combination  with  other  constituents  of  the  urme. 

Whether  this  combination  is  similar  to  the  one  we  are  acquainted 
with  in  the  case  of  hiematin,  or  is  of  the  same  nature  as  in  the  nuclein 
combinations  of  the  yolk  of  egg  and  in  milk,  we  are  as  yet  ignorant. 
In  all  probability  it  is  of  the  former  kind,  and  has  its  origin  therefore  in 
the  haemoglobin  of  the  blood. 

Methods  of  Estimation— 'W^Q  methods  we  at  present  possess  for  the 
estimation  of  the  iron  in  the  urine  are  unfortunately  very  imperfect ;  a 
matter  of  the  more  consequence,  as  the  quantities  we  have  to  deal  with 
are  so  small,  as  to  render  the  errors  that  arise  of  the  greatest  possible 
importance.  Iron  is  so  abundantly  present  in  nature,  and  is  so  fre- 
quently present  in  the  various  reagents  used  in  its  detection,  that  the 
greatest  care  is  necessary  to  rid  ourselves  of  this  ever-present  source  of 
fallacy.  Nearly  all  the  observations  hitherto  made  suffer  in  accuracy 
from  fallacies  arising  in  this  way. 

The  methods  hitherto  in  use  have  been  chiefly  two,  that  by  weighing, 
and  that  by  titration  with  a  standard  solution  of  potassium  perman- 
ganate. 

By  Weighing. — The  urine  after  evaporation  to  dryness  in  a  platinum 
capsule  is  reduced  to  charcoal ;  and  then'  carefully  extracted  with  a 
moderate  quantity  of  warm  water,  and  filtered  to  remove  the  soluble 
salts  (Filtrate  No.  i).  The  insoluble  residue  left  on  the  filter,  along 
with  the  filter  itself,  is  then  completely  ignited,  till  only  a  white  ash 
remains.  This  is  extracted  first  with  dilute  and  afterwards  with  strong 
hydrochloric  acid,  and  again  filtered  (Filtrate  No.  2).  The  filtrate  thus 
obtained  contains,  according  to  Hoppe-Seyler,  the  whole  of  the  iron. 
So  far  is  this,  however,  from  being  the  case,  that  I  find  that  a  trace, 
although  a  small  trace,  of  the  iron  occasionally  passes  through  in  the 
first  filtrate,  especially  if  a  considerable  quantity  of  water  be  used.  It 
is  desirable,  therefore,  to  evaporate  the  first  filtrate  to  dryness,  extract 
with  a  small  quantity  of  hydrochloric  acid,  filter  again,  and  add 
the  filtrate  thus  obtained  to  Filtrate  No.  2. 

The  two  filtrates  thus  combined  contain  the  whole  of  the  iron.  On 
adding  ammonia,  a  white  flocculent  precipitate  is  thrown  down,  made 
up  of  the  phosphates  of  magnesium  and  calcium,  along  with  phosphate 
of  iron. 

The  phosphates  of  magnesium  and  calcium  are  readily  soluble,  with 
the  aid  of  heat,  in  acetic  acid,  in  which  reagent  the  phosphate  of  iron  is 
insoluble.  The  separation  of  the  latter  can  therefore  be  effected  by 
digesting  in  warm  acetic  acid,  and  subsequently  carefully  filtering 
through  a  small  filter  of  known  ash-composition.  After  being  carefully 
dried  and  ignited,  its  quantity  can  be  determined  by  weighing.  The 
precipitate  thus  obtained  contains  the  iron  in  the  form  of  a  ferric 
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phosphate  (FcgPO^);  and  since  this  latter  contains  3  7 '09  per  cent, 
of  iron  the  quantity  of  iron  present  may  be  determined. 

According  to  Hoppe-Seyler,  this  method  gives  results  of  sufficient 
accuracy  in  the  case  of  fluids,  such  as  the  urine,  that  contain  phosphoric 
acid  in  large  excess ;  the  iron  present  is  then  converted  into  a  phosphate. 
It  was  the  one  I  employed  in  my  earlier  estimations.  It  is  one,  however, 
on  whose  accuracy  we  cannot  by  any  means  constantly  rely.  The  results 
obtained  give  in  most  cases  too  high  an  estimate.  It  is  difficult,  in  any 
case,  to  be  certain  that  the  precipitate  finally  obtained  is  made  up  entirely 
of  phosphate  of  iron,  although  by  carefully  warming  with  acetic  acid  this 
can  in  many  cases  be  accomplished. 

It  need  scarcely  be  said,  that  in  all  these  operations  every  care  must  be 
taken  to  avoid  introduction  of  iron  from  dust  in  the  air,  through  the 
reagents  employed,  or  through  the  filter  paper.  In  the  case  of  the  filter 
paper  it  is  necessary  to  use  one  of  definitely  known  ash-composition. 
The  weight  thus  determined  is  subtracted  from  the  total  weight  of  the 
precipitate  after  final  ignition. 

By  Titration. — In  all  cases  it  is  better  and  safer  to  estimate  the  amount 
of  iron  by  reducing  it  to  the  form  of  a  ferrous  salt,  and  then  determining 
its  reducing  power  on  a  solution  of  potassium  permanganate  of  known 
strength.  For  this  purpose  the  iron  is  converted  into  ferric  sulphate,  and 
then  reduced  to  a  ferrous  state  by  means  of  zinc.  Titration  with  the 
permanganate  solution  is  then  carried  out  in  the  usual  way. 

Certain  sources  of  error  are  met  with  in  using  this  method  also. 
There  are  not  infrequently  impurities  in  the  zinc,  and  these  may  have  a 
reducing  action  on  the  permanganate  solution,  even  when  no  ferrous 
salt  is  present.  The  error  arising  in  this  way  has  been  regarded  by 
one  observer  (Jacobi)  as  constant,  being  equivalent  to  not  less  than  i  "8 
milligramme  of  pure  iron  per  litre.  When  it  is  remembered  that,  as  will 
presently  be  seen,  the  whole  of  the  iron  in  the  urine  frequently  amounts 
to  little  more  than  i  or  2  milligrammes,  it  will  be  understood  how  grave 
a  source  of  error  this  may  prove  to  be. 

Another  method  has  recently  been  proposed  and  carried  out  by 
Gottlieb.^  This  is  based  on  an  entirely  different  principle  from  the 
above,  namely,  the  conversion  of  the  iron  into  Prussian  blue  and  its 
determination  by  weighing.  The  method  is  complicated  and  requires 
the  use  of  a  large  number  of  reagents,  in  itself  a  source  of  grave  error. 

In  Gottlieb's  hands,  however,  it  seems  to  have  yielded  remarkably 
constant  results,  and  if  his  observations  are  confirmed  the  method  may 
prove  a  valuable  addition  to  those  we  already  possess.  It  has  the 
advantage  of  being  specially  suitable  for  determining  very  small 
quantities  of  iron. 

^  Gottlieb,  Afxhiv  f,  experi7H.  Pathol,  u.  PharmakoL,  November  1889. 
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Excretion  of  Iron  in  Health. 

Owing  mainly  to  the  imperfections  in  our  methods,  partly  also 
to  the  slow  and  tedious  nature  of  the  investigation,  the  obser- 
vations hitherto  made  with  regard  to  the  daily  normal  excretion 
of  iron  in  the  urine  have  been  but  few. 

In  a  healthy  man  Magnier^  found  the  excretion  to  vary  from 
about  4  to  about  16  milligrammes  per  day,  a  wide  range  of 
variation,  equivalent  to  an  average  daily  excretion  of  about 
10  milligrammes. 

Hamburger  found  traces  of  iron  constantly  present  in  the  ash 
of  the  urine,  both  in  health  and  disease.  In  two  healthy  women 
he  found  a  daily  excretion  of  lO'i  and  15*6  milligrammes  re- 
spectively, giving  an  average  for  the  two  of  a  little  over  12  milli- 
grammes. There  cannot,  I  think,  be  a  doubt  that  this  estimate 
is  too  high.  The  method  Hamburger  used  was  that  of  titration, 
the  iron  being  reduced  to  a  ferrous  state  by  warming  with 
sulphurous  acid  instead  of  zinc.  My  experience  of  this  method  is 
that  it  is  difficult  afterwards  to  get  rid  of  all  traces  of  the  sul- 
phurous acid ;  and  this  exercises  a  very  strong  reducing  power 
on  the  permanganate  solution,  in  many  cases  even  exceeding  that 
of  the  ferrous  salt  actually  present. 

The  results  of  Gottlieb's  observations  give  a  much  lower  esti- 
mate. In  five  cases  he  found  it  to  vary  from  yOg  to  r59  milli- 
grammes, giving  an  average  of  2*59  milligrammes  per  day. 

The  excretion  from  day  to  day  in  each  individual  case 
remained  remarkably  constant,  the  widest  range  of  variation  in 
any  one  case  being  0"2i  milligramme,  and  the  average  range 
of  variation  from  day  to  day  in  the  whole  series  being  only 
0*15  milligramme. 

These  results  differ  widely  from  those  obtained  in  the  fewer 
and  more  limited  observations  of  Magnier  and  Hamburger.  If 
they  are  to  be  relied  on,  and  the  narrow  range  of  variation  found 
is  their  best  recommendation,  they  indicate  a  daily  excretion  of 
iron  considerably  less  than  that  of  10  milligrammes  hitherto 
accepted. 

Authors  Observations. — My  own  observations  (four  in  number), 
presently  to  be  recorded,  shew  that  the  average  daily  excretion 

1  Magnier,  Malys  Jahresbr.  u.  Thier-Chemie,  1875,  p.  138. 
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may  most  probably  be  taken  as  ranging  from  3  to  5  milli- 
grammes. In  a  healtJiy  individual  I  found  the  daily  excretion 
to  be  5-65  milligrammes.  After  allowing  for  the  error  of  excess 
which  usually  attends  the  method  of  estimation  employed  in 
this  instance,  that  by  weighing,  this  result  agrees  with  the  above 
estimate. 

In  three  cases  of  chlorosis,  in  two  of  which  the  patients  were 
getting  large  doses  of  iron,  the  daily  excretion  found  was  171, 
r96,  and  r6i  milligrammes  respectively,  giving  an  average  of 
176  milligrammes.  The  average  in  the  two  conditions  was  thus 
370  milligrammes,  any  error  of  excess  in  the  first  being  counter- 
balanced by  the  slight  diminution  in  excretion  which  probably 
existed  in  the  second. 

Influence  of  Various  Conditions. — This  appears  to  be  remark- 
ably slight.  The  excretion  seems  to  remain  fairly  constant 
for  each  individual. 

It  is  not  affected,  at  least  directly,  by  changes  in  the 
quality  or  quantity  of  food.  Thus  Hamburger  found,  in  a 
dog,  that  the  daily  excretion  remained  the  same  whether  the 
animal  was  receiving  300  or  500  grammes  of  meat  daily. 
What  is  more  remarkable,  it  is  apparently  not  affected  by  the 
administration  of  even  large  quantities  of  iron  by  the  mouth. 

The  observations  with  regard  to  this  point  divide  themselves 
naturally,  both  in  point  of  time  and  in  point  of  result,  into 
three  series. 

The  view  long  held,  that  iron  administered  by  the  mouth 
was  absorbed  as  such,  and  utilized  for  purposes  of  blood- 
formation,  had  to  be  abandoned  when  Hamburger  (1878) 
shewed  that  the  absorption  of  iron  in  such  cases  was  infini- 
tesimal. In  one  experiment,  out  of  441  milligrammes  of  iron 
administered  in  the  form  of  ferrous  sulphate  by  the  mouth, 
an  excess  of  only  12  milligrammes  was  to  be  found  in  the 
urine  over  the  period  of  time  during  which  the  administra- 
tion lasted.  That  even  this  increase,  slight  as  it  was,  was 
indirectly  brought  about,  and  was  dependent  on  increased 
metabolism  in  the  tissues  rather  than  on  increased  absorption 
of  the  iron,  was  shewn  by  the  fact  that  in  no  case,  however 
great  the  amount  of  iron  given  by  the  mouth,  could  free  iron 
be  detected  in  the  urine. 
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Following  on  these  observations  came  those  of  Robert^ 
(1883)  and  Calm 2  (1884).  Hamburger's  observations  had 
pointed  to  a  slightly  increased  excretion  as  the  immediate 
result  of  the  administration  of  iron  by  the  mouth.  Kobert 
and  Cahn  found  that  under  such  circumstances  no  absorp- 
tion at  all  took  place  from  the  intestine,  and  hence  any  in- 
creased excretion  of  iron  if  present  must  be  solely  an  indirect 
result. 

Lastly,  differing  still  more  from  those  obtained  by  Ham- 
burger, are  the  results  obtained  by  Gottlieb.  His  observations 
appear  to  shew  that  so  far  from  being  increased  the  excretion 
is  diminished  while  iron  is  being  administered  by  the  mouth. 
The  immediate  effect  of  the  administration  was  to  diminish 
for  the  first  two  or  three  days  the  quantity  excreted  in  the 
urine.  The  excretion  rose  again  in  the  following  days,  but 
never  above  that  at  which  it  previously  stood.  Thus  in  a 
healthy  man,  in  whom  the  daily  excretion  of  iron  for  three 
days  had  averaged  3'68  milligrammes,  the  excretion  while 
iron  was  given  by  the  mouth  fell  to  I'lg  and  070  milligrammes, 
and  on  the  third  day  the  iron  disappeared  altogether.  After 
the  administration  of  the  iron  was  stopped,  the  excretion 
rose  again  to  0"S6  and  then  to  2*54  milligrammes. 

In  two  other  cases  the  same  result  was  observed.  It  is 
extremely  difficult  to  explain  how  such  a  result  is  produced, 
— nor  need  we  stop  to  discuss  it.  The  chief  interest  of  these 
observations  lies  in  this,  that  they  seem  conclusively  to  shew 
that  the  excretion  of  iron  in  the  urine  is  as  little  affected  by 
iron  administered  by  the  mouth  as  it  is  by  diet.  This  con- 
clusion is  one  of  some  importance  in  endeavouring  to  deter- 
mine what  significance  should  be  attached  to  any  increased 
excretion  in  disease. 

Excretion  of  Iron  in  Disease. 

This  subject  has  as  yet  received  scarcely  any  attention. 
The  only  observations  hitherto  made  are  those  of  Hamburger, 
already  incidentally  noted,  in  which  he  found  traces  of  iron  con- 

1  Kobert,  Mangan  tind  Eisen,  Archiv  f.  exper.  Pathol,  u.  Pharmak.,  xvi.  (1883). 
Cahn,  Resorptions  und  Ausscheidungs-verhdltnisse  des  Mangans  im  Organistnus, 
ibid.,  xviii.  (1884). 
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stantly  present  in  the  ash  of  urine  in  a  large  number  of 
diseases,  including,  amongst  others,  jaundice,  pneumonia,  diabetes, 
typhoid  fever,  puerperal  fever,  pleurisy,  chlorosis,  and  leucocy- 
thaimia.  No  attempt,  however,  was  apparently  made  to  esti- 
mate the  quantities  present  in  these  diseases. 

Some  of  Gottlieb's  observations  were  made  on  patients  suffer- 
ing from  nervous  diseases,  the  excretion  of  urine  in  whom,  as  he 
took  for  granted,  was  a  normal  one.  In  a  healthy  individual,  the 
average  excretion  was  3  68  ;  in  a  case  of  general  paralysis  it  was 
2*62  ;  and  in  a  case  of  "  motor  aphasia  "  it  was  I'^S  milligrammes. 
It  is  possible  that  Gottlieb  may  have  been  in  error  in  regarding 
these  cases  as  normal ;  and  since  he  uses  these  results  in  arriving 
at  his  conclusion  as  to  the  average  excretion  in  health,  it  is  pro- 
bable that  this  may  account  for  the  lowness  of  his  estimate, 
namely,  2*59  milligrammes. 

My  own  observations  number  seven  in  all,  one  made  in  health, 
three  in  chlorosis,  and  three  in  pernicious  anaemia.  The  results 
are  represented  in  the  following  table  : — 


No.  of 
Observa- 
tion. 

Condition. 

Quantity 
of  Urine 
in  com. 

Specific 
Gravity. 

Excretion 
of  Iron  in 

milli- 
grammes. 

Remarks. 

I 

Health 

1500 

1018 

5'65 

2 

Chlorosis 

900 

1018 

1'71 

Has  been  receiving  6  grs.  re- 
duced iron  daily  for  three 
weeks.    Greatly  improved. 

3 

») 

"75 

1014 

1-96 

Has  been  receiving  3oIfl  tr.  ferri 
perchlor.  daily  for  three  weeks. 
Improvement  great,  although  not 
so  marked  as  in  No.  2. 

4 

)} 

136s 

lois 

1'61 

Treatment  not  commenced. 

5 

Pernicious 
Anaemia 

HOC 

1014 

32  26 

Afay  2.  (Death  on  May  22.) 
Urine  of  very  high  colour,  con- 
tains much  pathological  urobilin. 
Not  examined  microscopically, 
but  on  jlfay  i  contained  a  con- 
siderable number  of  renal  cells, 
shewing  blood-pigment. 

6 

)» 

1500 

1014 

6-52 

May  14. — Patient  profoundly  weak. 
Colour  of  urine  as  high  as 
before. 

7 

1200 

1016 

100 

May  20.—  Patient  in  a  moribund 
condition.  Urine  still  of  high 
colour. 
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Results. 

1.  Health.— ThQ  excretion  in  health  was  5-65  milligrammes. 
It  is  considerably  higher  than  the  average  obtained  by  Gottlieb 
(2-59),  although  at  the  same  time  considerably  lower  than  the 
average  obtained  by  Magnier  and  Hamburger  (10  milli- 
grammes). 

2.  Chlorosis. — The  observations  in  chlorosis  are  not  sufficiently 
numerous  to  enable  one  to  speak  with  certainty  as  to  the  excre- 
tion of  iron  in  this  condition.  They  shew  a  diminished  excretion  : 
171,  rg6,  r6i,  the  average  of  the  three  observations  being  176 
milligramme.  This  is  considerably  lower  than  the  average 
obtained  by  Gottlieb  in  health,  and  still  lower  than  the  average 
estimated  by  myself.  When  the  poverty  of  the  blood  (in  haemo- 
globin) in  chlorosis  is  borne  in  mind,  this  is  what  one  might 
expect,  assuming  what  is  most  probable,  namely,  that  the  iron 
excreted  in  the  urine  is  derived  directly  or  indirectly  from  the 
haemoglobin  of  the  blood. 

Observations  Nos.  2  and  3  are  also  of  interest  as  shewing 
how  little  the  excretion  is  influenced,  directly  at  least,  by  the 
administration  of  iron  by  the  mouth.  Both  patients  had  been 
receiving  iron  in  considerable  doses  for  three  weeks  previously, 
and  both  had  improved  under  the  treatment,  without  any 
apparent  influence  on  the  excretion  of  iron.  This  remained 
almost  the  same  as  that  found  in  No.  4,  where  no  iron  had  been 
given.  The  improvement  was  most  marked  and  most  rapid  in 
No.  2  ;  and  the  smaller  excretion  of  iron  in  this,  namely,  1 7 1  milli- 
grammes, as  compared  with  that  in  No.  3,  namely,  1-96,  was  in  all 
probability  related  to  the  circumstance  that  the  attack  was  the 
third  in  a  comparatively  short  period  of  time,  from  which  the 
patient  had  sufl"ered.  At  the  time  of  admission,  she  presented 
in  a  very  marked  degree  the  symptoms  of  extreme  chlorosis. 

3.  Pernicious  Ancs^m'a.— The  most  striking  feature  of  these 
observations,  however,  and  the  one  of  most  interest  in  the  present 
relation,  is  the  enormous  excretion  found  in  one  instance  in  the 
case  of  pernicious  anaemia.  My  observations  on  the  excretion 
of  iron  in  this  case  were  unfortunately  not  made  till  near  the 
fatal  termination  of  the  case,  when  the  patient  was  already  in  a 
state  of  profound  weakness.    Notwithstanding  his  condition  in 
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this  respect,  the  urine  shewed  a  large  excretion  of  iron,  on  one 
day  as  high  as  32'2  milligrammes,  on  another  as  high  as  6'5  milli- 
grammes. This  must  undoubtedly  be  ascribed  to  the  excessive 
blood  destruction  constantly  going  on,  as  evidenced  more  espe- 
cially by  the  high  colour  of  the  urine  associated  with  the  presence 
of  so  much  pathological  urobilin,^  and  the  presence  from  time  to 
time  of  considerable  quantities  of  blood-pigment.^  Under  these 
circumstances,  therefore,  it  is  not  surprising  that  there  should  be 
an  increased  excretion  of  iron  as  was  found  on  May  2,  even 
to  such  an  amount  as  32  milligrammes. 

A  very  small  amount  of  blood-pigment  in  the  urine  would 
amply  account  for  an  increase  to  this,  or  even  to  a  still  larger 
amount.  The  urine  on  this  particular  day  was  not  examined 
microscopically ;  but  on  the  day  before,  I  found  a  considerable 
number  of  renal  cells  in  the  urine,  the  most  of  them  containing 
pigment  in  considerable  amount.  It  is  very  probable,  therefore, 
that  a  similar  condition  existed  on  May  2. 

How  far  an  increased  excretion  of  iron  in  pernicious  anaemia 
is  a  constant  condition,  or  how  far,  on  the  other  hand,  it  is  inter- 
mittent, occurring  from  time  to  time  associated  with  the  periodic 
exacerbations  of  the  destructive  process,  it  will  remain  for 
future  observations  to  determine. 

The  results  obtained  in  the  present  case  point  to  the  latter 
conclusion.  Another  estimation  was  made  on  May  14,  a  week 
before  death,  when  the  patient  was  in  a  condition  of  exceeding 
weakness,  with  occasional  wandering  and  mild  delirium.  The 
excretion  found  (6*52  milligrames)  must  be  regarded  as,  rela- 
tively speaking,  a  very  large  one,  considering  the  condition  of 
the  patient's  blood  at  the  time.  So  poor  was  the  blood  in 
haemoglobin,  that  it  scarcely  sufficed  to  give  a  red  tint  to  a 
white  cloth,  as  was  observed  on  one  occasion  when  there  was 
a  slight  attack  of  epistaxis.  The  excretion  on  May  20,  two  days 
before  death,  had  fallen  still  lower.  This  relatively  large  excre- 
tion, observed  on  May  14,  I  am  inclined  to  regard  as  of  equal 
significance  to  the  much  larger  excretion  observed  on  May  2. 
Both  alike  pointed  to  the  conclusion  that  there  was  a  largely 
increased  destruction  of  blood,  the  excess  of  iron  being  derived 
from  the  blood-pigment,  probably  also  from  other  iron-contain- 
ing products  of  this  destruction  present  in  the  urine. 

^  Practitioner^  September  18S9.  ^  Ibid.^  November  1889. 
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[Dr.  Hopkins  ^  has  since  repeated  these  observations,  and 
confirmed  them.    He  found  the  excretion 


In  a  normal  urine,  3"5  miUigrammes. 

In  Pernicious  A ncsmm  {Case  i)  8*3  „ 

„  „       a  few  days  later  a  mere  trace. 

„  „  (Case  5)  a  mere  trace.] 


1  Gi(/s  Hospital  Reports,  1895. 


CHAPTER  XXVIII. 


SUMMARY  REGARDING  THE  HiEMOLYTIC  CHANGES  IN 

THE  URINE. 

The  results  regarding  the  ha^molytic  changes  in  the  urine 
observed  in  the  foregoing  case  may  be  shortly  summarized  as 
follows  : — 

1.  They  shewed,  first,  a  largely  increased  excretion  of  urinary 
pigments,  evidenced  by  an  extremely  high  colour  of  the  urine 
without  any  diminution  in  quantity,  and  with  a  low  specific 
gravity.  During  the  last  three  weeks  of  his  illness,  for  example, 
when  there  was  little  intestinal  disturbance,  and  the  whole  of 
the  urine  could  be  obtained,  the  quantity  varied  from  40  to  52 
ounces,  with  an  average  specific  gravity  of  1014.  The  reaction 
was  at  all  times  extremely  acid.  At  no  time  were  bile  pigments 
found  in  the  urine.  Uro-erythrin  appeared  from  time  to  time 
during  the  slight  feverish  attacks  from  which  he  suffered.  The 
chief  interest  attached  to  the  presence  in  large  quantity  of  a 
urinary  pigment,  having  all  the  characters  (chemical  and  spec- 
troscopic) of  that  termed  by  Dr.  MacMunn  as  pathological 
urobilin,  itself  not  accountable  for  the  high  colour  of  the  urine, 
but  presenting  such  definite  characters  that  I  regard  it  as  of 
special  significance :  its  presence  denoting  a  h.nemolysis  of  a 
special  kind,  and  when  found  in  severe  anaemia  being  almost 
diagnostic  of  pernicious  ansemia. 

2.  The  observations  shewed,  secondly,  occasional  presence  of 
blood  pigment  in  the  form  of  granules  enclosed  within  cells  of 
renal  origin.  For  a  time  these  pigment  cells  were  absent,  and 
their  absence  corresponded  with  the  period  of  improvement  in 
the  health  of  the  patient.  They  reappeared,  however,  in  increased 
numbers  on  each  occasion  of  an  exacerbation  of  his  weakness. 
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The  renal  cells  and  pigment  granules  found  in  the  urine  during 
life  were  identical  with  those  found  in  the  tubules  of  the 
kidneys  after  death  ;  and  their  origin  from  the  latter  cannot, 
therefore,  be  doubted.  The  significance  to  be  attached  to  their 
presence  has  been  fully  discussed. 

3.  They  shewed,  lastly,  a  greatly  increased  excretion  of  iron. 
In  one  case  in  health  I  found  the  daily  excretion  to  be  5'65 
milligrammes  ;  and  this  represents  about  the  average.  In  three 
cases  of  chlorosis,  I  found  the  excretion  reduced  to  176  milli- 
gramme. In  the  above  case  of  pernicious  anaemia,  three  weeks 
before  death,  when  the  anaemia  was  most  intense,  I  found  the 
enormous  excretion  of  32*26  milligrammes,  and  even  a  week 
before  death  it  was  6'52  milligrammes. 

So  far  as  I  am  aware,  no  previous  observations  have  been  made 
on  the  excretion  of  iron,  or  the  presence  of  renal  cells  containing 
blood  pigment,  in  this  disease.  Taken  together  with  the  large 
increase  in  the  urinary  pigments,  and  especially  with  the  presence 
of  pathological  urobilin  in  the  urine,  they  point  clearly  to  a 
preceding  excessive  destruction  of  blood ;  the  amount  of 
destruction,  as  evidenced  by  the  varying  colour  of  the  urine,  and 
excretion  of  pigment,  varying  from  time  to  time. 

These  clinical  observations  in  the  present  case  bear  out  fully 
the  conclusions  arrived  at  in  previous  investigations  as  to  the 
essentially  haemolytic  nature  of  this  disease.  The  changes  found 
after  death  in  liver,  spleen,  and  kidneys  point  equally  to  the 
same  conclusion.  The  situation  and  character  of  the  pigment 
within  the  Liver  were  such  as  I  have  formerly  described.  The 
pigment  was  more  abundant  in  the  present  case  than  in  any  I 
have  yet  met  with.  The  enlargement  of  the  Spleen  recognized 
during  life,  and  confirmed  post-mortem,  is  of  some  interest  in 
connection  with  the  important  part  played,  as  my  observations 
shew,  by  that  organ  as  one  of  the  chief  seats  of  blood  destruction 
both  in  health  and  disease.  The  congested  purplish  appearance 
presented  by  the  pulp  was  the  same  as  that  found  by  me  in 
another  case  I  have  described.  It  was  also  due  apparently  to 
the  same  cause— not  to  the  presence  of  red  corpuscles,  few  of 
which  were  to  be  found,  but  to  the  presence  of  free  hsemoglobin. 
The  presence,  also,  of  well-formed  crystals,  presumably  of 
hjemoglobin,  is  also  of  special  interest  in  connection  with  the 
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interesting  observations  of  Dr.  Copeman  as  to  the  readiness 
with  which  crystals  of  haemoglobin  are  obtained  from  the  blood 
in  this  disease. 

[Postscript.] 

In  the  foregoing  observations,  it  will  be  noted,  that  the 
point  which  specially  arrested  my  attention  was  not  the  high 
colour  of  the  urine — a  point  drawn  attention  to  by  previous 
observers  (Eichhorst,  Pye-Smith,  Bristowe)  ;  nor  yet  the  presence 
of  tirobilin — whose  presence  and  possible  haemolytic  significance 
had  been  noted  and  commented  upon  by  Eichhorst — but  what 
appeared  to  me  to  be  the  special  character  of  the  urobilin. 

It  was  not  in  itself  the  cause  of  the  high  colour,  that  being 
due  to  other  pigments  ;  it  was  present  in  very  varying  quantity, 
sometimes  recognizable  after  dilution  of  the  urine  as  much  as  six 
or  seven  times.  "  Its  appearance  in  the  urine  in  pernicious 
anaemia  pointed — far  more  than  any  excess  of  ordinary  pigments 
—to  a  preceding  extensive  haemolysis  of  a  special  nature,"  rather 
than  to  any  mere  exaggeration  of  the  physiological  progress. 

The  subsequent  observations  of  Dr.  Mott  and  Dr.  Halliburton, 
above  referred  to,  appeared  to  shew,  as  against  such  conclusions, 
that  the  urobilin  present  was  normal  urobilin ;  and  that  its 
presence  in  excess  merely  denoted  therefore  an  excessive  haemo- 
lysis proceeding  along  the  ordinary  lines  of  health. 

These  haemolytic  changes  in  the  urine  have  since  been  made 
the  subject  of  study  by  Dr.  Gowland  Hopkins  (1895).  His  results 
confirm  those  arrived  at  by  me,  with  reference  to  the  excretion 
of  aromatic  sulphates,  and  the  increased  excretion  of  iron. 

His  observations  regarding  the  pigments  present  are  of 
special  interest,  inasmuch  as  the  subject  of  urobilin — its  char- 
acter and  relationships  to  other  pigments — is  one  of  which,  in 
association  with  Dr.  A.  E.  Garrod,  he  has  made  a  special  study. 

The  following  are  his  results  in  his  own  words.  (The  italics 
are  mine.) 

Dr.  Hopkins'  Observations. — He  concludes  from  his  observa- 
tions, that  the  urobilin  of  pernicious  anaemia  is  normal  urobilin. 
As  to  the  existence  of  pathological  urobilin,  he  considers  it 
would  be  extremely  easy  to  confound  a  mixture  of  ordinary 
urobilin  and  haematoporphyrin  with  the  published  description 
of  it. 
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This  Matter  pigment  is  one  (as  shewn  by  Dr.  A.  E.  Garrod 
{Joiirn.  of  Phys.,  1892),  and  confirmed  by  Dr.  Hopkins)  that 
appears  in  small  quantity  in  very  many  normal  urines. 

In  general,  according  to  Dr.  Hopkins,  the  quantity  of  it  in  the 
urines  of  pernicious  anaemia  was  not  in  excess  of  what  may  be 
found  in  normal  urines.  Its  bands  could  never  be  seen  in  the 
original  sample  without  treatment. 

As  to  the  quantity  of  urobilin  present,  he  finds  that  even  if 
the  urobilin  in  pernicious  anaemia  be  of  the  normal  variety  only, 
it  yet  remains  a  characteristic  feature  of  the  disease  that  the 
absorption  band  at  F  shoidd  be  present  in  the  perfectly  fresh 
urine. 

On  the  other  hand,  a  definite,  easily  observed  band  is  certainly 
absent  from  normal  urines  when  fresh ;  though  one  may  appear 
after  the  urine  has  stood  in  the  air,  or  sometimes  after  acidifica- 
tion with  a  free  acid.  In  febrile  conditions  the  band  is  very 
usually  to  be  observed  ;  but  it  is  most  exceptional  for  it  to  appear 
when  the  pyrexia  is  so  slight  as  that  found  in  pernicious  anaemia  ; 
it  may,  indeed,  be  well  marked  in  this  disease,  when  the  tempera- 
ture is  almost  normal. 

Such  observations  as  he  had  been  able  to  collect  seem  to  shew 
that  it  is,  on  the  whole,  an  uncommon  phenomenon  in  other 
diseases.  If  this  be  so,  the  observation  of  the  band  (which  can 
always  be  seen  with  a  pocket  spectroscope)  zvotdd  be  moi-e 
valuable  as  a  point  in  diagnosis  than  is  the  mere  darkness  of  the 
urine,  for  the  band  may  be  often  seen  in  specimens  which 
would  be  described  as  pale. 

As  to  its  appearance  in  the  fresh  urine — it  might  be  due 
to  increased  excretion  of  urobilin  (or  urobilinogen),  or  due  to 
independent  variations  in  the  character  of  the  urine,  which  so 
conditions  the  urobilin  as  to  render  the  band  visible.  The 
latter  factor,  he  thinks,  is  at  least  contributory. 

So  far  as  his  estimations  shewed,  the  actual  excess  of  urobilin 
did  not  seem  to  be  sufficient  at  any  time  to  account  for  the  difference 
between  a  normal  urine  shewing  no  band  at  all,  and  one  witli  a 
very  dark  band.  Indeed,  one  may  find,  at  times,  a  normal 
urine  which  yields  quite  as  much  urobilin,  and  yet  shews  no  band 
either  before  or  after  acidification. 

With  the  evidence  to  hand,  he  doubted  if  the  morbid  pro- 
cesses of  pernicious  ana,>mia  are  accompanied  by  any  very 
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Startling  increase  in  the  excretion  of  urobilin.  This  latter  is 
certainly  not  responsible  for  the  hyper-pigmentation  of  the 
urine ;  for  other  pigments  are  also  increased  in  quantity,  and 
take  a  large  share  in  this. 

The  characteristic  appearance  of  the  band  is  at  least  in  part 
a  matter  of  condition  and  not  of  quantity  ;  but  it  is,  none  the  less, 
a  prominent  and  important  phenomenon  of  the  disease. 

Pathological  urobilin  he  considered  to  be  an  admixture  of 
a  larger  proportion  of  urobilin  with  a  smaller  one  of  haemato- 
porphyrin. 

It  will  thus  be  seen,  that  Dr.  Hopkins  is  of  opinion  that  the 
urobilin  of  pernicious  anaemia  is  normal  urobilin  ;  and  that  the 
abnormal  spectroscopic  appearances  which  I  regarded  as  denot- 
ing a  special  variety  of  urobilin — "  pathological "  urobilin — are  in 
all  probability  due  to  a  mixture  of  urobilin  and  haematopor- 
phyrin. 

Despite  this  conclusion,  opposed  as  it  seems  to  be  to  the  one 
I  arrived  at.  Dr.  Hopkins'  observations  appear  to  me  to  draw 
attention  afresh  to  the  very  points  which  arrested  my  attention, 
and  which  induced  me  to  emphasize  their  importance  as  denoting 
the  special  character  of  the  urobilin  present. 

For  what  do  they  shew  ?    He  notes  : 

"  As  a  characteristic  feature  of  the  disease,  that  the 
absorption  band  at  F  is  present  in  the  perfectly  fresh  urine  ; " 

"That  the  actual  excess  of  urobilin  did  not  seem  sufficient  at 
any  time  to  account  for  the  difference  between  a  normal  urine 
shewing  no  band  at  all  and  a  pernicious  anaemia  urine  with  a 
very  dark  band  "  {a  fortiori,  still  less  for  the  band  after  5-7  times 
dilution)  ; 

"  Indeed,  at  times  one  may  find  a  normal  urine  which  yields 
just  as  much  urobilin,  and  yet  shews  no  band  either  before  or 
after  acidification;"  and,  lastly, 

"  The  observation  of  the  band  would  be  more  valuable  as 
a  point  in  diagnosis  than  is  the  mere  darkening  of  the  urine." 

In  all  these  respects,  then,  the  urobilin  offers  a  marked  con- 
trast to  the  normal  urobilin.  It  was  precisely  these  points  that 
"  satisfied  me  that  it  differs  in  important  respects,  both  chemi- 
cally and  spectroscopically,  from  any  pigment  present  in  the 
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urine  in  health,  or  obtainable  by  the  method  employed  from  the 
high-coloured  urine  of  fever." 

As  regards  the  possibility  that  the  spectroscopic  appearances 
might  be  due  to  a  mixture  of  normal  urobilin  and  hjemato- 
porphyrin,  Dr.  Hopkins'  observations  appear  to  me  also  con- 
clusive.   For  they  shew : 

(1)  That  the  hzematoporphyrin  "is  not  in  excess  of  what 
may  be  found  in  normal  urines,  and  its  bands  could  never  be 
seen  in  the  original  sample  without  treatment  "  ; 

(2)  That  the  actual  amount  of  urobilin  was  apparently  little  in 
excess  of  the  normal  amount. 

Under  these  circumstances,  how  a  combination  of  the  two  pig- 
ments, neither  of  them  in  excess,  can  be  accountable  for  a  spec- 
troscopic band,  far  in  excess  of  anything  ever  met  with  in  health, 
one  recognizable  in  the  fresh  urine  of  pernicious  anaemia — some- 
times even  after  5-7  times  dilution — is  not  very  clear. 

Dr.  Hopkins'  observations  amply  justify  his  conclusion,  that 
the  characteristic  appearance  of  the  band  is  "  at  least  in  part  a 
matter  of  condition  and  not  of  quantity." 

This  special  "condition"  of  the  pigment  (urobilin)  present  in 
such  cases  was  the  feature  that  appeared  to  me  to  be  the  notable 
one.  So  much  so,  that  I  concluded  "  its  presence  in  severe 
anaemia"  (in  absence  of  fever,  and  in  a  urine  of  low  specific  gravity 
and  undiminished  quantity)  might  be  regarded  "  as  absolutely 
diagnostic  of  the  pernicious  anaemia." 

My  later  observations  give  me  no  grounds  for  modifying  the 
above  conclusion.  If  sought  for,  this  character  of  the  urine  is  to 
be  recognized  in  every  case  of  pernicious  anaemia  ;  but,  as  I 
duly  warned,  not  constantly  at  all  times. 

I  have  often  had  occasion  to  examine  a  urine  which  appeared 
normal  in  colour  to  the  naked  eye,  and  nevertheless  found  the 
urobilin  band  quite  distinct — far  more  so,  than  in  the  high- 
coloured  urine  of  fever  (Case  10). 

The  variations  from  time  to  time,  and  the  relations  of  these 
to  the  general  condition  of  the  patient,  are  notable  features :  I 
have  recently  made  a  series  of  observations  in  this  relation  in 
one  of  the  cases  now  recorded  (Case  10).  Employing  for  my 
purpose  the  simpler  and  better  methods  for  the  separation  of 
urobilin  with  which  the  work  of  Dr.  Hopkins  and  Dr.  Garrod  have 
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made  us  acquainted,  I  have  estimated  (and  indicated  by  figures, 
quite  roughly)  the  varying  amounts  of  urobilin  present  at 
different  times  and  separable  by  means  of  chloroform,  from 
lOO  c.c.  of  urine  (after  saturation  first  with  ammonium  chloride 
and  afterwards  with  ammonium  sulphate). 

From  the  time  of  admission  the  quantity  of  urobilin  steadily 
diminished,  until  one  period  (25th  May)  when  it  suddenly, 
and  apparently  unaccountably,  went  up. 

Two  days  later  the  patient  suffered  from  sickness  and 
vomiting :  in  other  words,  he  passed  through  an  exacerbation  of 
his  disease. 

In  short,  the  sequence  of  events  I  have  described  in  the  fore- 
going case,  I  have  constantly  had  occasion  to  observe  and 
demonstrate  in  other  cases. 

Moreover,  I  have  constantly  had  occasion  to  demonstrate  in 
connection  with  a  urine  apparently  normal  in  colour  two  facts,  viz. 

( 1 )  The  colour  would  be  normal  for  a  person  in  health  possess- 
ing 100  per  cent,  of  h£emoglobin  and  corpuscles,  but  is  really 
abnormal  for  a  patient  reduced  to  the  last  stage  of  exhaustion, 
with  possibly  only  20  per  cent,  of  corpuscles  and  haemoglobin. 

(2)  Even  in  such  apparently  normal  urines,  the  spectroscopic 
band  of  urobilin  can  often  be  recognized  ;  whereas  in  ordinary 
febrile  urine  of  much  higher  colour,  it  cannot  be  detected. 

Whether  the  variety  of  urobilin  here  described  is  identical  with 
that  termed  "pathological  urobilin,"  by  Dr.  MacMunn,  is  open 
to  question. 

But  the  facts  themselves  remain,  namely,  that  there  is  some- 
thing "pathological"  about  the  urobilin  present  in  such  cases. 
That  is  the  point  emphasized  in  my  original  observations  ;  con- 
firmed, as  it  appears  to  me,  by  Dr  Hopkins'  later  observations  ; 
and  further  confirmed  by  my  own  later  experience  regarding 
the  condition  referred  to. 


CHAPTER  XXIX. 


III.  GASTRO  INTESTINAL  SYMPTOMS. 

The  foregoing  observations  regarding  the  portal  area  as  the 

chief  seat  of  the  haemolysis  in  this  disease  attach  a  new 

interest  and  significance  to  the  group  of  symptoms  denoting 
gastro-intestinal  disturbance. 

Histopieal.— Addison  made  no  mention  of  any  such  symp- 
toms. 

The  occurrence  of  gastro-intestinal  symptoms  was  noted 
by  Biermer.  He  attached  a  double  significance  to  them.  If 
slight,  they  were  effects  of  the  anaemia.  If  severe,  they  were 
causes.  "The  most  common  cause  was  chronic  diarrhoea 
with  or  without  gastric  disturbance." 

Following  this  teaching,  almost  all  observers  have  attached  a 
similar  double  importance  to  them.  When  severe,  they  have 
been  held  to  be  themselves  the  cause  of  the  disease ;  when  in- 
sufficient to  be  accounted  causes,  they  have  been  regarded  as 
effects  (Eichhorst).  This  point  I  have  already  had  occasion  to 
bring  out  (p.  225). 

In  Eichhorst's  experience,  "  Vomiting  was  not  often  observed." 
In  his  own  cases,  it  was  never  of  any  special  intensity  ;  nor  did 
it  last  any  length  of  time  ;  it  appeared  to  be  caused  by  the 
iron  administered.  The  vomit  was  watery,  smelt  sour,  and 
had  a  greenish  black  colour.  He  noted,  that  in  the  experi- 
ence of  others  it  was  not  uncommon,  Muller  having  seen  it  in 
two-thirds  of  his  cases  (not  all  of  them,  according  to  Eichhorst, 
of  equal  value).  Eichhorst  himself  considered  that  it  had  a 
double  significance :  as  a  cause,  and  as  a  complication.  Several 
cases  shewed,  in  his  judgment,  that  a  persistent  vomiting 
either  in  connection  with  pregnancy,  or  arising  independently, 
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had  finally  led  to  pernicious  anaemia.  On  the  other  hand, 
vomiting  was  often  met  with  as  a  consequence  of  pernicious 
anaemia  that  had  arisen  from  other  causes ;  occurring  some- 
times early  in  the  course  of  the  disease,  sometimes  towards 
the  end  of  life.  When  very  persistent  and  severe,  it  might 
lead  to  the  suspicion  that  cancer  of  the  stomach  existed.  As 
regards  the  microscopical  characters  of  the  vomit,  he  had  not 
himself  made  any  observations ;  but  Muller  had  examined 
it  several  times,  without  discovering  any  abnormal  constituents. 
Diarrhcea. — Changes  in  the  frequency  and  character  of  the  stools 
were  met  with  in  a  majority  of  recorded  cases.  Constipation  was 
exceptional,  while  diarrhoea  was  the  rule.  Like  the  vomiting, 
this  also  had  a  double  significance.  Sometimes  it  caused  the 
disease,  sometimes  it  was  merely  a  result.  For  the  rest,  it 
had  no  special  relation  to  the  vomiting.  Vomiting  could  occur 
without  diarrhoea,  or  diarrhoea  could  occur  without  vomiting. 
In  duration,  and  frequency,  the  diarrhoea  could  vary  within 
very  wide  limits;  and  it  was  met  with  at  very  different  periods 
of  the  disease,  sometimes  early,  sometimes  late.  Sometimes 
it  occurred  periodically  without  the  slightest  discoverable  cause. 
One  peculiarity  it  had,  namely,  it  was  remarkably  resistant 
to  all  therapeutic  measures.  In  his  own  cases,  intestinal 
disturbances  were  remarkably  little  observed.  In  his  first 
five  cases,  the  regularity  of  the  bowels  was  specially  noted. 
The  stool  was  firm,  well  formed,  and  presented  a  deeply  bile 
stained  ('  almost  remarkably  so ')  colour.  Blood  was  observed 
only  exceptionally,  as  in  one  case  described  by  Sir  Samuel 
Wilks. 

According  to  Dr.  Pye-Smith,  "In  not  a  few  cases,  vomiting 
and  diarrhoea  are  marked  symptoms,  and  this  when  no  gastro- 
intestinal symptoms  have  preceded  the  appearance  of  ansemia. 
Anorexia  and  some  degree  of  nausea  are  almost  constantly 
present."  Considering  how  often  the  disease  came  on  with  no 
assignable  cause,  one  might  well  doubt,  whether  preceding  dys- 
pepsia (or  slight  haemorrhage,  or  pregnancy)  should  be  regarded 
as  more  than  a  coincidence.  At  most,  dyspepsia  and  diarrhoea 
might  be  regarded  as  predisposing  causes,  if  we  admitted  that 
the  'secondary'  form  of  the  disease  described  by  authors  was 
the  same  disease  as  the  '  primary.' 

As  regards  the  primary  form,  he  made  no  special  mention 
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of  such  symptoms.  His  view  of  the  relation  of  such  symptoms  to 
the  anaemia  was  presumably  embodied  in  his  statement,  that  the 
disease  was  "  without  any  symptoms  (and  without  any  lesions) 
which  could  not  be  explained  as  directly  due  to  the  anaemia." 

Signifieanee.— The  special  significance  I  have  been  led — as 
the  result  of  my  studies— "lo  attach  to  these  gastro  intestinal 
symptoms  differs  essentially  from  that  enunciated  in  the  above 
views.  They  do  not,  in  my  opinion,  suggest  the  'gastro- 
intestinal origin,'  nor  yet  the  '  gastro-intestinal  cause,'  nor  yet 
the  '  gastro-intestinal  nature '  of  the  disease.  Their  significance 
is,  that  they  denote  the  gastro-intestinal  site  of  the  infection 
causing  the  disease.  They  derive  their  importance  not  from 
their  severity,  or  their  character.  It  is  the  fact  of  their  occur- 
rence at  all  in  connection  with  this  area  that  is  the  most  signifi- 
cant feature ;  and  this  solely  in  relation  to  my  foregoing  studies 
regarding  the  portal  area  as  the  seat  of  the  haemolysis. 

They  stand  to  the  disease  in  precisely  the  same  relation  as 
the  intestinal  symptoms  stand  to  typhoid  fever.  They  may  be 
severe  ;  they  may  be  moderate ;  they  may  even  be  so  much  in 
abeyance  as  hardly  to  arrest  attention  at  all,  as  the  intestinal 
symptoms  in  typhoid  fever  may  be.  Yet  all  these  variations 
are,  in  its  case,  as  in  the  case  of  typhoid  fever,  compatible  with 
the  presence  of  lesions  in  this  tract — very  obvious  and  definite 
in  the  case  of  typhoid  fever  ;  obscure,  and  requiring  to  be  sought 
for,  but  nevertheless  there,  in  the  case  of  pernicious  anaemia. 

I  have  already  described  the  varying  character  of  the  gastric 
and  intestinal  symptoms  ;  also  the  similarly  varying  character 
of  the  oral  symptoms,  accompanied,  in  their  case,  by  recognizable 
lesions  which  can  be  seen  to  come  and  go. 

It  has  also  been  brought  out,  how  constantly  gastro-intestinal 
symptoms  occur,  irrespective  of  their  severity  ;  disturbances  of 
some  kind  or  other  being  actually  recorded  in  over  86  per 
cent,  of  cases — a  frequency  which  may  be  regarded  as  denoting 
that  they  are  rarely,  if  ever,  absent.  Their  severity  indeed 
varies  much,  both  in  different  cases  and  in  the  same  case 
at  different  times.  This  variability  is  of  importance.  A  case 
may  appear  to  be  without  symptoms  of  this  kind  at  one 
time;  yet  at  another  later  period,  when  the  case  is  possibly 
not  under  observation,  gastric  or  intestinal  symptoms  may  be 
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present.  The  important  point  about  them  in  my  judgment 
is,  that  they  are  not  of  sufficient  severity  or  persistence  to  be 
themselves  the  cause  of  so  grave  and  remarkable  a  form  of 
anjemia  ;  any  more  than  the  pain  and  discomfort  of  the  throat 
or  the  slight  fever  can  be  adjudged  to  be  the  cause  of  the  pro- 
found effects  of  diphtheria ;  or  the  gastric  and  intestinal  symptoms 
in  typhoid  fever  be  held  accountable  for  the  remarkable  effects 
and  course  of  that  disease.  They  are  mere  symptoms.  If 
very  severe,  e.g.,  vomiting,  or  diarrhcea,  they,  of  course,  as  in 
typhoid  fever,  add  gravely  to  the  exhaustion  occasioned  by  the 
disease.  Still,  even  then  they  are  jiot  the  cause  of  the  disease, 
'  pernicious  anaemia.' 

Oral  Symptoms. — These  I  have  already  discussed  in  detail. 
I  attach  great  significance  to  them.  The  most  marked  feature 
is  oral  sepsis.  The  chief  symptom  is  recurrent  tenderness  of 
the  tongue.  They  are  usually  but  little  marked  except  when 
tenderness  of  the  tongue  is  present.  The  only  one  requiring 
special  note  is  salivation,  which  seems  to  be  a  rare  symptom.  It 
was  intense  in  one  of  my  cases,  and  a  similar  case  is  described  by 
Miiller. 

Gastric  Symptoms. — The  most  common  are  anorexia^  some- 
times amounting  to  a  loathing  for  food,  and  a  sense  of  fubiess 
and  gastric  discomfort,  such  as  one  would  naturally  ascribe  to 
feebleness  of  digestion  in  an  anaemic  individual.  Taken  by 
themselves,  they  might  be,  as  indeed  they  generally  have  been 
so  regarded. 

But  very  often,  at  periodic  intervals,  they  assume  a  differ- 
ent character — pai7i,  distress,  nausea,  retching  and  vomiting, 
having  no  constant  relation  to  food  ;  often  in  the  morning  on 
awaking.  When  obtained  free  from  food,  as  it  often  is,  the 
vomit  usually  consists  of  thick  viscid  mucus,  whitish  in  colour. 
When  severe,  it  is  often  bile  stained,  or  actual  bile  may  be 
brought  up. 

In  some  cases,  instead  of  anorexia,  the  opposite  is  found — 
namely,  not  only  good,  but  even  itiordinate  appetite.  The  latter 
is  not  common.  It  was  a  marked  feature  in  no  fewer  than  three 
out  of  eleven  cases  described  by  Laache.  It  was  a  very  marked 
feature  in  one  case  observed  by  me.  Up  to  the  very  last,  even 
when  moribund,  with  only  some  10  per  cent,  of  hjEmoglobin  and 
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1 5  per  cent,  of  corpuscles,  the  patient  insisted  on  having  jugged 
hare  for  his  supper. 

Intestinal  Symptoms  are,  on  the  whole,  less  common  and 
severe  than  the  gastric,  and  they  are  of  less  varying  character. 
The  most  common  is  a  slight  looseness  of  bowels,  sometimes, 
diarrhcea.  These  are  only  noticed  occasionally.  The  genei^al 
condition  is  one  akin  to  the  anorexia  in  the  case  of  the  stomach 
— namely,  a  want  of  tone  of  the  bowels,  necessitating  the  regular 
use  of  a  slight  aperient. 

One  symptom  I  have  observed  in  two  cases — in  both  cases 
greatly  complained  of  as  the  chief  distress  of  the  whole  illness — • 
namely,  a  great  burning  heat  at  lower  end  of  rectum,  either  with  or 
immediately  after  stool,  with  most  intense  subsequent  weakness. 
This  burning  sensation  one  meets  with  as  a  result  of  arsenic  ; 
but  in  neither  case  referred  to  was  arsenic  being  given.  This 
weakness  is  not  simply  the  result  of  the  exhaustion  entailed  in 
going  to  stool.  On  investigation  it  is  found  really  to  precede, 
and  merely  to  culminate  in  the  effort.  It  is  really  antecedent 
to  it  ;  great  relief  always  follows  the  movement  of  the  bowels, 
and  the  patient  then  feels  better  than  at  any  other  period  of  the 
day.  I  take  it  to  be  of  the  same  nature,  and  due  to  a  like 
cause,  as  the  nausea  and  retching  in  the  case  of  the  stomach. 
These  also  are  apt  to  occur  chiefly  in  the  morning.  It  denotes, 
in  my  judgment,  the  existence  of  a  lesion  low  down  in  the 
rectum  ;  in  these  cases  it  is  the  effect  of  the  gradual  accumulation 
(and  absorption)  of  toxic  products  during  the  preceding  twenty- 
four  hours — especially  marked  in  the  lower  part  of  the  bowels 
where  the  intestinal  contents  accumulate. 

Conclusions. 

This  conception  of  the  significance  of  the  gastro-intcstinal 
symptoms  in  pernicious  anremia  differs,  as  I  have  said,  from 
that  which  would  regard  these  symptoms  as  either  the  cause  or 
the  effect  of  the  disease,  according  to  their  severity. 

It  also  differs,  I  would  now  point  out,  from  the  much  vaguer 
and  looser  sense  in  which  the  term  '  gastro-intestinal '  has  come, 
mainly  as  the  outcome  of  a  misconception  as  to  the  import  of 
the  preceding  studies,  to  be  employed  by  many  in  connection 
with  this  disease— namely,  as  involving  some  '  theory  '  regarding 
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the  ' gastro-intestinal  origin,'  ' gastro-intestinal  cause,'  or  'gastro- 
intestinal nature'  of  the  disease. 

Of  this  '  theory,'  or  '  hypothesis,'  I  find  myself  in  certain 
writings,  credited  with  being  the  chief  exponent,  and  with 
having  carried  out  various  observations  and  experiments, 
which  I  regard  as  supporting  it. 

If  I  have  been  at  pains,  in  the  historical  summary  of  the 
views  of  the  earlier  and  chief  observers  on  this  subject,  to  bring 
out  as  clearly  as  possible  how  they  regarded  this  group  of 
symptoms,  this  has  been  done  purposely — not  with  a  view  to 
accentuate  the  differences  between  their  views,  and  any  led  up 
to  by  these  studies,  but  rather  to  support  the  correctness  of  the 
conclusions  they  drew  from  the  data  at  their  disposal. 

Their  conclusions  were,  I  consider,  the  only  ones  they  could 
legitimately  come  to,  in  the  light  of  the  clinical  and  pathological 
facts  they  observed.  Moreover,  even  now,  in  the  light  of  the 
same  clinical  facts,  they  are  the  only  conclusions  that  any  careful 
clinical  observer  could  reasonably  come  to.  To  say  or  teach,  as 
one  observer  has  recently  done,  that  it  is  '  natural '  to  think  of 
gastro-intestinal  intoxication  as  the  cause  of  pernicious  anaemia, 
is  nothing  more  or  less  than  '  an  intelligent  anticipation  of  events 
after  they  have  occurred.'  It  is  no  more  natural  now,  having 
regard  to  the  clinical  facts  alone,  than  it  was  at  the  time  when 
Addison  and  Wilks,  Bristowe  and  Pye-Smith,  Biermer,  Quincke, 
Immermann  and  Eichhorst,  Bramwell,  Mackenzie,  Coupland — 
observers  second  to  none  in  either  clinical  or  pathological 
acumen — could  either  pass  such  symptoms  by  without  notice, 
or  regard  them  sometimes  as  causes,  sometimes  as  complications. 

My  conclusions  regarding  these  gastro-intestinal  symptoms 
were  based  originally  not  upon  clinical  facts,  but  upon  patho- 
logical and  experimental  data  acquired  in  the  course  of  my  work. 

My  pathological  studies  were  not  begun  in  relation  to  any 
particular  hypothesis — least  of  all  one  connected  with  a  gastro- 
intestinal origin  of  the  disease.  On  the  contrary,  they  were 
carried  out  without  the  slightest  suspicion  that  they  were  even- 
tually to  lead  back  to  the  gastro-intestinal  tract,  and  to  suggest 
that  tract  as  the  seat  of  some  abnormal  processes  in  the  disease. 

It  was  the  result  of  the  experimental  portions  of  my  studies 
pointing  to  the  portal  area  as  the  chief  seat  of  haemolysis,  that 
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for  the  first  time  suggested  the  gastro-intestinal  tract  as  the 
possible  seat  of  trouble  in  this  disease,  and  for  the  first  time 
attached  a  new  significance  to 

(1)  the  frequency  of  morbid  conditions  in  connexion  with 

the  tract ; 

(2)  the  frequency  of  gastro-intestinal  symptoms. 

Up  to  that  time,  as  I  have  shewn,  the  general  teaching  was  :  as 
regards  morbid  conditions  that  any  morbid  condition,  if  only 
severe  enough — and  altogether  irrespective  of  site — could  give 
rise  to  the  features  of  pernicious  ancemia  ;  and  that  as  regards 
gastro-intestinal  disturbances  these  could  be  considered  either  as 
the  effects  or  as  the  cause  of  the  disease,  or  as  both  combined. 

It  is  desirable  to  draw  attention  to  these  details,  and  their  true 
relation  to  one  another,  if  only  in  justice  to  the  experiments  on 
which  they  were  chiefly  based  ;  for  misapprehension  on  these 
points  forms  the  basis  of  the  chief  criticisms  to  which  my  con- 
clusions as  to  the  importance  and  significance  of  the  gastro- 
intestinal symptoms  have  been  subjected. 

Based  in  the  first  instance,  not  on  clinical  evidence,  but  on 
experimental  evidence,  these  conclusions  as  to  the  importance  and 
significance  of  the  gastro-intestinal  symptoms  cannot  rightly  be 
divorced  from  the  facts  from  which  they  were  originally  derived. 
Without  those  facts ^  I  should  not  consider  myself  justified  in 
attaching  to  such  symptoms  any  significance  other  than  was 
attached  by  previous  observers.  The  detailed  studies  in  every 
case  since  observed  have  only  served  to  confirm  the  conclusions 
arrived  at ;  as  have,  indeed,  all  the  subsequent  analyses  of  recorded 
cases  regarding  the  frequency  of  gastro-intestinal  symptoms. 

To  judge  from  the  references  which  I  find  in  the  literature  of  the  sub- 
ject subsequent  to  1890,  no  portion  of  my  conclusions  has  excited  more 
attention  than  the  one  above  dealt  with  relating  to  the  significance  of 
gastro-intestinal  symptoms— this  conclusion,  as  already  stated,  being  based 
upon  the  fact  that  the  portal  area  is  the  chief  seat  of  the  haemolysis. 

I  have  at  the  outset  described  in  detail  the  views  regarding  the 
disease  held  by  the  chief  observers  in  this  country. 

Most  of  these  have  since  contributed  valuable  studies  of  the  disease  : 
notably  Dr.  Bristowe,i  Dr.  Stephen  Mackenzie,^  Dr.  Coupland,^  Professor 

1  Principles  and  Practice  of  Medicine,  7th  ed.,  1890  ;  Preface,  i.  p.  611. 

2  "Lettsomian  Lectures  on  Anaemia,"  Trans.  Med.  Soc,  Lond.,  xlv.  p.  191,  1891. 
'•^  Allbiitfs  System  of  Medicine,  vol.  v.  pp.  531,  532,  534,  1898. 
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Osier,  ^  and  Dr.  Byrom  Bramwell-;  and  to  these  studies  reference  may 
be  made  by  those  interested  in  tracing  the  gradual  evolution  of  know- 
ledge regarding  the  disease. 

In  addition  valuable  contributions  have  also  been  made  by  other 
observers : — 

Dr.  F.  W.  Mott,3  Dr.  W.  Russell,^  Dr.  Crozier  Grififith,^  Dr.  Hale 
White, <5  Dr.  George  A.  Gibson,^  Dr.  Gowland  Hopkins,^  Professor  T.  R. 
Fraser,^  Professor  Stockman, Dr.  James  Taylor, Dr.  Robert  Muir.^^  Dr 
J.  Craig,i3  Dr.  Risien  Russel^^  Dr.  Frederick  Taylor,^^  pj..  F.  P.  Henry.^e 

Most  of  these  observers  deal  with  individual  points  in  connection 
with  the  disease,  and  to  many  of  them  I  have  already  had  occasion  to 
refer.  Most  of  them  accept  the  general  teaching  of  my  studies  regarding 
the  hsemolytic  nature  of  the  disease,  the  portal  site  of  the  hsemolysis, 
and  the  new  significance  thereby  attaching  to  gastro-intestinal  symptoms 
and  lesions. 

The  only  one  who  puts  forward  an  alternative  view  regarding  the 
disease  as  a  whole  is  Professor  Stockman,  1895. 

He  traverses  the  whole  of  my  conclusions  regarding  the  hgemolytic 
nature  of  the  disease — accepting  the  general  facts,  but  putting  a  new 
and  entirely  different  interpretation  upon  them.  In  so  doing,  he  is  not 
content  merely  to  take  exception  to  my  conclusions ;  but  supports  his 
contentions  by  a  detailed  study  of  the  whole  features  of  the  disease ; 
and  by  a  most  valuable  series  of  chemical  analyses  of  various  organs, 
to  which  I  have  already  referred. 

Professor  Stockman,  as  already  seen,  considers  that  the  whole  features 
of  the  disease,  including  those  I  consider  as  denoting  its  hgemolytic 
character,  can  be  explained  as  due  to  the  repeated  occurrence  and 
absorption  of  small  haemorrhages  ;  although  he  admits  he  cannot  explain 
why  such  haemorrhages  should  occur  in  the  first  instance.    He  says  : 

"  The  evidence  seems  convincing  that  pernicious  anaemia  follows 
usually  on  well-recognised  debihtating  causes.  The  cause  is  sometimes, 
however,  obscure,  and  is  not  detected,  but  we  are  rapidly  reducing  this 
unknown  territory,  and  if  it  be  remembered  that  only  a  few  years  ago 
all  cases  of  tape-worm  anaemia  were  regarded  as  'idiopathic,'  we  may 

1  The  Principles  atid  Practice  of  Medicine,  p.  691,  1892. 

2  Anceinia  and  Diseases  of  the  Bloodforming  Organs,  and  Ductless  Glands,  p.  82, 
1899. 

Lancet,  1889,  i.  p.  520  ;  Practitioner,  1890.        *  Brit.  Med.  Jour.,  1889. 
^  Keating' s  Cyclopedia  of  Medicine,  iii.,  1890.         ^  Gufs  Hospital  Reports,  1890. 

Edin.  Med.  Jour.,  1892;  International  Clinics,  iii.,  1893. 
^  Gu/s  Hospital  Reports,  1893.  ^  Brit.  Med.  Jour.,  i.,  1894. 

Brit.  Med.  Jour,,  1895.  "  Trans.  Med.  Chirurg.  Soc,  Ixxviii.,  1895. 

"  On  Changes  in  Bone  Marrow, Path,  and  Bad.,  ii. ,  1894. 
^'^  Dublin  Jour.  Med.  Sci.,  1897.  Lancet,  ii.,  1898. 

^5  Brit.  Med.  Jour.,  1896.  "  The  Medical  News,  Philadelphia,  Oct.  18S9. 
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hope  in  the  near  future  to  elucidate  the  hitherto  unrecognised  causes. 
Further,  I  do  not  think  that  a  hypothetical  destruction  of  red  blood- 
corpuscles  by  the  liver  cells  or  by  a  ptomaine  or  ferment  can  be  con- 
sidered the  cause  of  the  condition.  I  hold  rather  that  anaemia  from 
any  cause  induces  in  some  persons  degenerative  changes  in  the  whole 
vascular  system ;  that  these  permit  the  occurrence  of  numerous  minute 
internal  bleedings,  more  rarely  of  external  ones  also,  and  that  a  per- 
sistent continuance  of  these  leads  ultimately  to  excessive  angemia  and 
death." 

"These  bleedings  being  so  small  disappear  very  rapidly  and  completely, 
this  being  assisted  by  the  well-known  tendency  of  the  blood  to  resist 
coagulation  in  extreme  anaemia  (Eichhorst).  They  usually  produce  no 
special  symptoms  (unless  they  occur  in  the  central  nervous  system  or 
organs  of  special  sense,  and  even  in  those  very  rarely),  but  if  they  do 
cause  paresis  or  other  symptom,  this  passes  off  in  a  very  few  days,  and 
no  trace  of  bleeding  may  be  found  post-mortem  owing  to  rapid  absorp- 
tion of  the  small  extravasations.  In  some  cases  which  I  have  examined 
after  death,  the  haemorrhages  have  been  so  few,  that  I  have  doubted 
very  seriously  whether  they  could  ever  have  been  very  numerous, 
but  taking  into  account  their  rapid  absorption  and  the  probability 
that  with  extreme  anaemia  the  number  must  diminish  just  before 
death,  1  believe  in  such  cases  they  had  previously  been  much  more 
numerous." 

"  These  bleedings  are,  to  judge  from  the  exacerbations  and  partial  re- 
missions of  symptoms,  more  numerous  at  one  time  than  at  another,  and 
according  to  the  amount  of  blood  loss  the  case  progresses  rapidly  or 
slowly." 

"  As  has  been  previously  pointed  out,  the  causes  of  the  initial  ancemia 
are  still  imperfectly  known,  and  cases  sometimes  occur  in  people  who  are 
apparently  healthy,  and  living  under  good  conditions.  Hunter  may  be 
correct  in  holding  that  a  cadaveric  poison  breaks  down  the  blood  in 
some  cases  ;  and  if  this  be  so,  debilitating  conditions  with  haemorrhages 
need  not  necessarily  precede  the  '  pernicious  anaemia.'  It  is  possible, 
too,  that  degenerative  changes  in  the  small  vessels  may  occur  spon- 
taneously in  certain  people ;  in  these,  also,  there  might  be  no  preceding 
causes  or  illnesses  of  a  marked  kind,  and  few  post-mortem  lesions  would 
be  observable  except  in  the  light  of  our  very  recendy  acquired  know- 
ledge. But  conclusive  evidence  is  wanting  on  all  these  points.  As  I 
have  previously  pointed  out,  the  capillary  haemorrhages  found  post- 
mortem may  be  very  few  in  number,  and  this  might  lead  us  to  adopt 
Hunter's  view,  that  in  some  cases,  at  least,  a  blood-destroying  body 
may  be  the  cause  of  the  condition ;  but  the  course  and  history  of  such 
cases  lead  me  to  believe  that  haemorrhages  have  been  more  frequent 
previously  and  have  become  absorbed." 
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I  have  already  explained  why  I  cannot,  either  on  anatomical  or 
experimental  grounds,  accept  Dr.  Stockman's  conclusions.  But  I 
desire  here  to  pay  my  tribute  to  the  detailed  nature  of  the  study  on 
which  he  bases  them.  With  regard  to  the  general  question  so  fully  raised 
by  him  as  to  the  significance  of  these  haemorrhages,  I  can  merely  repeat 
what  I  have  already  said,  and  what  Dr.  Stockman  himself  admits,  that 
many  cases  show  no  trace  of  any  such  haemorrhages.  And  with  regard 
to  their  possible  significance  in  those  cases  in  which  they  occur,  even 
if  Dr.  Stockman's  view  was  accepted,  the  whole  problem  of  the  disease 
would  in  my  judgment  still  remain — namely  to  explain  why  hosmorrhages 
should  occur  in  the  first  instance,  and  why,  despite  all  treatment,  and 
despite  the  remarkable  temporary  recovery,  they  should  continually 
recur,  so  as  to  confer  on  the  disease  its  characteristic  features  of  pro- 
gressiveness  and  perniciousness. 


CHAPTER  XXX. 


IV.  TOXEMIC  SYMPTOMS. 

The  class  of  symptoms  I  here  designate  '  toxaimic '  are  those 
which,  in  my  judgment,  cannot  be  ascribed  to  the  anaemia  per  se 
— i.e.  to  the  actual  poverty  in  corpuscles  or  in  haemoglobin  ;  but 
denote  rather  the  influence  of  agencies  of  a  toxic  character. 
They  have  one  character  in  common — ■periodicity.'^ 

They  really  include  many  of  the  commonest  and  most 
characteristic  features  of  the  disease.  That  is  to  say,  the  intense 
feeling  of  illness  and  weakness  which  the  patient  experiences 
is  not  constant,  but  varies  remarkably  from  time  to  time, 
sometimes  even  from  day  to  day,  independently  of  any  recogniz- 
able changes  in  the  blood  sufficient  to  account  for  it. 

The  characters  of  the  urine  also  change  periodically  without 
any  assignable  cause. 

The  gastro-intestinal  symptoms  also  display  a  no  less  marked 
periodicity ;  but  the  group  of  symptoms  which  I  desire  to  draw 
attention  to,  by  the  special  title  '  toxaemic,'  are  those  connected 
with  the  temperature  and  the  nervous  system — namely,  fever 
and  nervous  disturbances.  The  symptoms  connected  with 
increased  haemolysis  and  gastro-intestinal  irritation  are  evidences 

^  With  reference  to  my  first  account  of  this  group  of  symptoms  (Case  i,  p.  310), 
Dr.  Ilale  White  {Guys  Hospital  Reports,  1890)  writes: — 

"  From  the  cases  I  have  watched,  and  as  a  result  of  carefully  reading  the  reports 
of  31  cases,  I  am  inclined  to  think  that  fits  of  coincident  increase  of  weakness  are  quite 
the  exception  in  genuine  pernicious  ansemia  ;  and  that  toxic  symptoms  are  very  rare." 

This  conclusion  is  not  surprising.  For,  previous  to  the  publication  of  my  studies, 
such  attacks  had  not  before  been  drawn  attention  to,  and  hence  it  is  quite  possible  that 
they  are  not  mentioned  in  the  records.  The  attacks  will,  however,  be  found  in  the 
cases  themselves.  My  own  experience  has  been  that  they  constitute  one  of  the  most 
striking  and  instructive  features  of  the  disease  ;  and  I  have  had  occasion  time  after 
time  to  demonstrate  them  at  the  bedside.  Moreover,  it  is  only  in  '  genuine '  cases  that 
they  are  to  be  observed. 
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of  more  local  disturbances — namely,  of  the  gastro-intestinal 
mucosa  and  the  portal  blood  respectively.  The  fever  and  the 
nervous  symptoms  are  evidences  of  more  general  and  wide- 
spread disturbances. 

Fever. — Fever  is,  in  my  experience,  an  interesting  feature  of 
the  disease,  not  so  much  from  its  character  or  its  severity  as  from 
its  existence  at  all.  It  is  quite  irregular  in  type,  and  very  vari- 
able in  degree.  It  may  be,  and  often  is,  absent  for  considerable 
periods  of  time ;  but  even  in  such  cases  it  will  be  found  that  a 
slight  rise  of  temperature  at  night — to  between  99  and  100°  F. — 
is  the  rule.  Variations  of  a  much  more  marked  character  occur 
from  time  to  time,  apparently  without  any  cause.  It  will 
be  noted  in  the  records  of  CASES  appended  how  often  such 
attacks  are  referred  to  '  influenza.'  During  these  attacks  all  the 
other  symptoms  undergo  exacerbation — namely,  sense  of  illness 
and  increase  of  weakness,  increase  of  haemolytic  changes  in  the 
urine,  occurrence  of  sickness  or  looseness  of  bowels — sometimes 
one,  sometimes  another  predominating.  (See  Charts,  CASES  10 
and  II.) 

These  latter  symptoms  are  not  necessarily  proportionate  to 
the  degree  of  fever.  In  other  words,  sometimes  the  locals  at 
other  times  the  general^  disturbances  predominate.  Hence  an 
interesting  feature  I  have  often  had  occasion  to  observe — most 
marked  perhaps  in  Case  2 — that  patients  who  have  had  a  par- 
ticularly sharp  attack  of  fever  with  general  disturbance  have  often 
had  a  no  less  marked  and  sudden  respite  in  the  progress  of  their 
disease,  whereas  those  who  shew  more  or  less  continuously  a 
slight  rise  of  temperature  often  display  the  most  continuous 
deterioration  of  the  blood  (Case  i). 

As  regards  the  nature  of  the  fever,  it  has  been  regarded  as 
'anaemic'  (Immermann),  due  to  want  of  hjemoglobin  ;  as 
'  humoral '  (Biermer). 

My  own  view  of  it  is,  that  it  is  essentially  septic,  and  that  all  its 
peculiarities  find  in  this  fact  their  fullest  explanation,  both  as 
regards  its  possibly  slight  degree  when  the  disease  is  progressing, 
and  its  sometimes  high  degree  followed  by  amelioration.  That 
is  to  say,  fever  denotes  the  degree  of  reaction  of  the  body,  not 
necessarily  the  actual  amount  of  septic  absorption.  It  is  the 
equivalent  to  inflammatory  reaction  locally. 
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Local  reaction,  in  my  judgment,  denotes  relatively  healthy 
conditions  ;  inasmuch  as  it  shews  that  the  tissues  still  have  the 
power  to  react  against  the  irritant.  The  case  is  different  when 
sepsis  is  extreme. 

There  is  a  stage  in  septic  conditions,  as  in  other  forms  of 
infection,  when  the  absence  of  local  reaction  is  not  only  com- 
patible with  profound  septic  effects,  but  even,  more  than 
any  other  circumstance,  denotes  the  severity  of  these  effects.  I 
have  known  a  patient  to  be  utterly  prostrate — with  subnormal 
temperature  and  feeble  pulse — as  the  result  of  blood-poisoning ; 
his  hands  and  arms  covered  with  a  number  of  sluggish,  dirty 
boils,  none  of  them  giving  the  slightest  pain,  or  accompanied  by 
any  local  inflammation  ;  and  I  have  seen  in  the  same  patient,  a 
month  later,  when  he  was  on  the  road  to  recovery,  the  most 
violent  local  inflammation,  abscess  formation,  lymphangitis,  and 
fever  arising  in  connexion  with  one  of  the  sores  on  his  hand. 

In  that  case  the  septic  effects  were  greatest  when  the  local 
effects  were  least.  If  the  latter  had  been  as  marked  at  the  outset 
as  they  were  at  the  termination,  it  would  have  denoted  that  the 
patient  was  a  healthier  subject ;  and  the  general  toxic  effects 
would  not  have  been  so  marked  as  they  were. 

In  pernicious  anjemia  two  factors  co-operate  in  giving  to 
the  fever  its  peculiar  irregular  character — namely,  (i)  local 
inflammatory  changes  in  connexion  with  the  infective  lesions 
in  the  mouth,  stomach  or  intestine;  (2)  'septic'  absorption 
from  these  lesions. 

The  gastro-intestinal  irritation  is  due  to  the  former,  the 
general  toxic  effects  to  the  latter;  sometimes  the  one,  some- 
times the  other  predominating,  according  to  the  general  resist- 
ance of  the  tissues.  Under  such  circumstances,  as  has  just 
been  seen,  the  effect  on  the  temperature  is  variable  enough, 
even  when  the  blood  is  normal.  But  in  pernicious  anjEmia 
these  variable  factors  operate  on  a  blood  profoundly  deteriorated 
in  character,  so  that  the  wonder  is  that  one  ever  gets  a  sharp 
febrile  reaction  at  all. 

Nervous  Disturbances.— The  other  group  of  symptoms  which 
I  regard  as  in  a  special  degree  toxremic  are  those  connected 
with  the  nervous  system.    They  include  not  merely  slighter 
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effects,  such  as  I  have  already  dwelt  on — e.g:  intense  feeling 
of  illness,  weakness,  perspirations,  headaches,  drowsiness,  etc. — 
but  also  more  serious  effects  denoting  actual  lesion  of  the 
nervous  system,  sensory,  motor,  and  trophic  disturbances.  That 
they  should  occur  at  all  constitutes  the  significant  feature  ;  the 
degree  of  their  intensity  is  a  point  of  secondary  importance. 

It  will  be  seen  that  in  no  fewer  than  three  out  of  my  twelve 
cases  such  disturbances  were  a  marked  feature. 

Case  2. — One  of  the  first  symptoms  complained  of  was  a 
sensation  of  numbness  and  tingling  in  the  hands  and  feet,  with 
loss  of  knee  jerk,  marked  wasting  of  certain  muscles  (deltoids 
and  extensors  of  thigh). 

Case  4. — Nervous  symptoms,  ataxia,  numbness,  para^sthesia;, 
and  loss  of  knee  jerk. 

Case  1 1. — Numbness  and  tingling  in  forearms  and  fingers, 
of  which  the  patient  made  constant  and  grievous  complaint  ; 
these  symptoms  being  as  marked  when  the  blood  shewed  80  per 
cent,  of  heemoglobin  as  when  it  shewed  only  35  per  cent. 

As  to  the  nature  of  the  changes  associated  with  these 
disturbances,  reference  may  be  made  to  the  very  complete 
account  of  this  subject  given  by  Dr.  James  Taylor  (1895).^ 

They  include — 

Almost  complete  degeneration  of  the  columns  of  Goll,  with 
similar  but  slighter  affection  of  the  pyramidal  tracts  ;  also  small 
foci  of  degeneration  in  other  parts  of  the  lateral  columns  and  in 
the  anterior  columns.    (Lichtheim,  1887.) 

Small  sclerotic  foci,  which  on  microscopical  examination  were 
found  to  be  the  results  of  haemorrhages ;  distinct  degeneration  in 
the  posterior  columns,  differing  in  intensity  in  the  different  cords, 
and  not  restricted  to  the  posterior  columns,  although  most  evident 
in  these.    (Lichtheim,  i88g.) 

In  six  cases — all  except  one  shewed  ataxy,  and  complained 
of  subjective  sensations,  while  most  had  actual  sensory  impair- 
ment in  the  limbs  and  bladder  weakness.  The  cords  in  all 
shewed  similar  degeneration,  chiefly  marked  in  the  posterior 
columns,  and  in  one  case  confined  to  them ;  also  degeneration 
in  the  lateral  columns  ;  in  two,  also  in  the  anterior  columns ;  while 
in  all,  the  posterior  roots,  the  grey  matter  and  the  peripheral  nerves 
were  described  as  free  from  changes.    (Minnich,  1892.) 

^  "On  Nervous  Symptoms  and  Morbid  Changes  in  the  Spinal  Cord  in  certain 
cases  of  Profound  Anaemia,"  Trans.  Royal  Med.  Chirurg.  Soc,  London,  1895. 
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In  a  case  in  which  the  prominent  symptoms  were  ansemia, 
paraesthesite  in  the  hands  and  feet,  impaired  sensibihty  in  the  legs, 
motor  weakness  in  the  arms  and  legs,  with  spontaneous  jerkings 
in  the  former,  and  finally  complete  inability  to  walk,  with  absence 
of  knee  jerk,  there  was  found  complete  degeneration  of  the  pos- 
terior columns,  except  of  a  part  next  the  posterior  roots,  and  also  in 
the  lateral  columns  of  the  cord.    (Van  Noorden,  i8gi.) 

A  case  of  pernicious  ancemia  with  motor  weakness  and  parges- 
thesife,  with,  later,  loss  of  the  control  over  the  sphincters,  and  loss 
of  knee  jerks  shewed  degeneration  in  the  posterior  columns  of  the 
cord,  and  scattered  foci  in  the  lateral  columns.    (Eisenlohr,  1892.) 

Two  cases  of  anaemia,  with  nervous  symptoms,  numbness  and 
weakness  of  the  lower  extremities,  girdle  sensation,  loss  of  control 
over  the  sphincters,  varying  knee  jerk,  numbness  in  hands  and 
feet  present  for  some  months  before  the  ancetnia  tvas  obvious,  shewed 
changes  in  the  posterior  columns  especially,  but  also  in  the  lateral 
and  anterior  columns.    (Nonne,  1893.) 

A  case  of  anoemia,  with  great  weakness,  ataxy  in  the  arms,  legs 
rigid  and  semiflexed,  with  painful  spasmodic  jerkings,  and  impair- 
ment of  sensibility  in  the  lower  limbs  shewed  marked  changes  in  the 
cord,  degeneration  in  the  posterior  columns,  with  extensive  changes 
also  in  the  lateral  and  anterior ;  posterior  roots  and  grey  matter 
normal.    (Bowman,  1894.) 

Two  cases :  Case  i. — Numbness  in  the  legs  and  difficulty  in 
walking,  with,  later  on,  extreme  anaemia.  Changes  found — extensive 
sclerosis  in  the  anterior,  lateral  and  posterior  tracts  of  the  cord. 

Case  2. — Sclerosis  in  the  lateral  columns,  well-marked  degenera- 
tion on  each  side  of  the  median  fissure,  in  the  anterior  columns. 
Nowhere  any  changes  in  the  grey  matter.    (Taylor,  1895.) 

From  a  consideration  of  all  these  cases  Dr.  Taylor  concludes 
that  we  have  in  them  no  mere  accidental  association  of  anjemia  and 
spinal  cord  changes.  The  anaemia  was  a  prominent  feature  in  all, 
and  the  spinal  cord  changes  were  so  similar  and  constant  that  they 
must  be  regarded  as  in  some  way  dependent  on  a  similar  cause. 
In  most  of  the  cases,  he  notes,  the  anaemia  seems  to  have  preceded 
the  spinal  symptoms,  except  in  one  (Nonne's),  where  the  spinal 
symptoms  are  expressly  stated  to  have  preceded  the  anaemia. 

Hence  he  considers  it  most  natural  to  regard  the  anaemia  and 
the  spinal  cord  changes  with  their  symptoms  as  both  resulting 
from  a  common  cause. 

"  Such  a  cause  we  should  most  naturally  look  for  in  some  toxic 
blood  condition,  having  regard  especially  to  the  bilateral  sym- 
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metry  of  the  changes,  and  to  the  constancy  with  which  certain 
tracts  are  affected  and  others  spared.  But  while  I  beHeve  that 
this  is  the  chief  cause  of  such  changes,  I  think  there  may  be,  in 
addition  to  this  degeneration,  other  minor  changes,  probably  the 
result  of  that  tendency  to  the  occurrence  of  haemorrhages  which 
is  so  marked  a  feature  of  pernicious  anaemia." 

The  subject  of  these  spinal  cord  lesions  in  pernicious  anaernia 
has  also  been  fully  dealt  with  by  Dr.  Risien  Russell.^ 

The  whole  subject  of  the  influence  of  toxic  agencies  in  pro- 
ducing degenerations  in  the  neurone  has  since  received  most 
admirable  elucidation  at  the  hands  of  Dr.  Mott,^  in  his  Croonian 
Lectures  for  igoo. 

My  own  observations  entirely  agree  with  the  conclusion  ex- 
pressed by  Dr.  Taylor  as  to  the  toxic  nature  of  these  nerve  lesions. 

Oral  Sepsis  as  a  Cause  of  Toxic  Neuritis. 

My  foregoing  studies  regarding  the  prevalence  of  oral  sepsis 
in  this  disease  appear  to  me  to  supply  the  clue  as  to  the  source 
of  the  toxic  products  responsible  for  these  lesions. 

The  case  that  first  directed  my  attention  particularly  to  the 
nervous  complications  of  pernicious  anaemia  was  Case  2  (1894). 
Up  to  that  time  I  had  felt  inclined  to  regard  nervous  symptoms, 
such  as  numbness  and  tingling,  as  possibly  the  results  of  too  free 
use  of  arsenic.  The  history  of  the  case  referred  to  was  remark- 
able {q-v.)  ;  for  the  effects  were  not  limited  to  paraesthesiae, 
but  resulted  in  permanent  paralysis  of  certain  muscles. 

Since  then  I  have  satisfied  myself  that  they  are  really  related, 
not  to  any  such  accidental  cause,  but  to  the  actual  disease  itself 
That  is  to  say,  they  are  part  effects  of  the  same  cause  that  pro- 
duces the  anaemia. 

One  of  my  recent  cases  (Case  11)  illustrates  this  very  well. 
When  he  first  presented  himself,  no  diagnosis  of  pernicious 
anaemia  had  been  made,  consequently  no  arsenic  had  been 
given.  One  of  his  chief  complaints  then  was,  of  numbness  and 
tingling  in  hands  and  forearms. 

1  Lancet,  ii.,  1898. 

2  "  The  Croonian  Lectures  on  the  Degeneration  of  the  Neurone,"  June  19,  21, 
26,  and  28,  1900. 
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Under  treatment  with  antistreptococcic  serum,  intestinal 
antiseptics,  and  antiseptic  mouth  washes,  he  made  a  rapid  re- 
covery in  four  weeks'  time  from  30  per  cent,  of  red  corpuscles  and 
35  per  cent,  of  hiemoglobin  to  64  per  cent,  of  corpuscles  and  73 
per  cent,  of  hjemoglobin.  He  then  went  to  the  country,  and  re- 
turned three  weeks  later,  looking  and  feeling  still  better,  with  64 
per  cent,  of  corpuscles  and  80  per  cent,  of  haemoglobin.  No 
arsenic  up  to  this  time  had  been  given.  His  chief  complaint 
was  of  numbness  in  the  fingers  of  both  hands,  extending  up 
to  the  elbows,  so  bad  that  he  could  hardly  pick  up  any  article 
from  the  table  and  could  not  button  his  clothes. 

The  problem  which  these  nervous  symptoms  present  to  me 
is :  are  they  the  effects  of  the  special  infection  underlying  the 
pernicious  anaemia  ;  or  are  they  the  effects  of  the  antecedent  oral 
sepsis,  which,  in  my  experience,  usually  precedes  the  onset  of 
the  actual  haemolytic  anaemia? 

I  am  disposed  to  refer  them  to  the  latter,  and  for  this 
reason — that  in  my  experience  precisely  similar  nervous  lesions 
are  met  with  apart  altogether  from  pernicious  an(smia,  in  con- 
nexion ivith  extreme  conditions  of  oral  sepsis,  and  in  my  judg- 
ment as  toxic  effects  of  the  sepsis  thereby  occasioned — an  obser- 
vation, so  far  as  I  know,  now  made  for  the  first  time. 

I  append  the  notes  of  three  cases  which  have  recently  come 
under  my  notice. 

In  all  cases  the  nervous  effects  were  of  the  same  character  as 
those  met  with  in  pernicious  anaemia. 

In  all  cases  the  most  intense  condition  of  oral  sepsis  pre- 
vailed, lasting  for  many  years — in  Case  3  for  fourteen  years. 

In  all  cases  immediate  improvement  resulted  from  removal  of 
this  condition. 

Case  i. — D.  P.,  33.    Theatrical  employe. 

Ill  2\  months  with  wasting  in  both  arms.  Illness  began  with 
diarrhoea  and  pains  in  stomach,  vomiting,  lasting  about  three  weeks. 
About  a  month  after,  noticed  weakness  in  hands,  with  feeling  of  stiffness, 
and  the  weakness  extended  up  both  arms.  It  was  accompanied  by  a 
sensation  of  'pins  and  needles.'  At  this  time  he  also  suffered  from 
acute  pain  in  the  stomach,  was  very  depressed,  and  ansemic.  He  was 
treated  for  this  in  the  out-patient  department ;  and  he  passed  some 
blood-stained  and  mucoid  stools,  after  which  he  felt  better. 
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He  came  to  the  Electrical  Department  under  my  care  for  treatment  of 
his  arms.  He  was  a  spare  man,  ill-nourished,  with  a  peculiarly  dirty- 
grey  sallow  look.  He  suffered  from  a  marked  weakness  and  atrophy 
of  all  the  muscles  of  both  arms,  as  far  up  as  the  deltoids,  and  especially 
of  the  deltoids. 

Trapezius,  scapular  and  rhomboid  muscles  not  affected. 

They  all  reacted,  although  with  diminished  force,  to  faradism,  with 
the  exception  of  the  posterior  part  of  the  deltoids.  This  last  gave 
no  reaction  with  faradism,  and  shewed  reaction  of  degeneration — viz. 
K.C.C.  nil,  sluggish  reaction  with  A.C.C. 

His  mouth  presented  the  most  intense  condition  of  oral  sepsis,  dirty 
black  teeth,  many  of  them  loose,  and  extreme  gingivitis. 

This  condition  he  had  had  for  twelve  years. 

Three  years  ago  was  employed  in  mixing  of  paints.  While  thus 
employed  he  says  he  suffered  from  '  muscular  rheumatism.'  No  recent 
history  of  lead-poisoning.  He  had  rheumatic  fever  sixteen  or  seventeen 
years  ago.  His  present  illness  began  early  last  June,  with  violent 
vomiting  and  diarrhoea. 

2oth  Sept.  1900. — Treatment. — Gums  thoroughly  swabbed  with  1-20 
carbolic  acid,  and  a  mouth-wash  given  of  same  (3  i  in  half  a  tumbler 
of  water) ;  also  syr.  ferr.  hypophosphit.  3  i  ;  liq-  arsenicalis      2,  ter  die. 

25th  Sept.  1900. — Gingivitis  and  stomatitis  much  less.  Some  teeth 
still  loose,  greater  power  in  arms.    Can  now  flex  arms  freely  at  elbows. 

2nd  Oct.  1900. — Improvement  continues. 

4th  Oct.  1900. — Loose  teeth  removed. 

9th  Oct.  1900. — Mouth  now  clean,  marked  improvement  in  arms, 
muscles  still  wasted,  but  all  movements  now  free  except  those  of 
shoulders. 

Case  2. — Mary  G.,  33. — Confined  three  months  ago.  Complaint 
since  then  weakness,  numbness,  and  wasting  of  muscles  of  left  thumb 
and  third  and  fourth  fingers.  Pains  up  the  arm  to  the  left  shoulder ;  great 
nervousness.  Illness  began  with  numbness  in  third  and  fourth  fingers, 
followed  by  'pins  and  needles'  sensation. 

23rd  Sept.  1900. — Some  tenderness  of  left  median  nerve.  Marked 
wasting  of  muscles  of  thenar  and  hypothenar  eminences. 

She  presents  a  dirty,  sallow-looking  colour  of  face. 

Mouth. — Tooth-plate  upper  jaw,  covering  a  number  of  teeth  broken 
off ;  most  intense  gingivitis  around  roots.  She  has  suffered  greatly 
from  teeth,  and  has  suffered  from  indigestion  for  years. 

Treatment. — Gums  swabbed  with  1-20  carbolic,  and  an  antiseptic 
mouth-wash  ordered  to  be  used  morning  and  night.  Salicylate  of  soda, 
15  grs.  dose  thrice  daily. 

Tooth-plate  not  to  be  worn. 
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2nd  Oct.  1900.— Mouth  condition  much  improved,  again  thoroughly 
swabbed.    Power  in  left  hand  much  better,  no  '  pins  and  needles.' 

9th  Oct.  1900.— Declares  herself  'wonderfully  better.'  She  has 
lost  her  former  sallow  look,  and  is  now  fresh  complexioned.  Mouth 
very  clean,  although  necrosed  roots  still  remain. 

She  can  now  grasp  freely  with  left  hand. 

Case  3. — Aged  34.  3rd  Oct.  1899. — Sought  advice  for  wasting  of 
muscles  of  left  upper  arm,  and  fore  arm  and  hand,  commencing  with  the 
triceps  and  biceps.  Muscles  of  shoulder  (deltoid  and  trapezius) 
little  if  at  all  affected.  The  muscles  affected  correspond  to  distribution 
of  musculo-spiral  and  median  nerves.  Both  these  nerves  sensitive  to 
pressure,  and  especially  sensitive  to  electrical  stimulation. 

Electrical  Reactions. — Stimulation  with  faradic  and  galvanic  currents 
causes  much  pain,  especially  over  nerves,  and  over  internal  and  external 
cutaneous  nerves.  Faradic  reactions  much  diminished ;  galvanic  re- 
actions increased,  but  K.C.C.  still  greater  than  A.C.C. 

History. — Illness  came  on  a  week  before  confinement,  with  '  pins 
and  needles '  sensation  :  a  week  after,  great  pain  with  weakness  in  left  arm 
and  shoulders. 

Diagnosis. — Peripheral  neuritis,  especially  of  musculo-spiral  nerve. 

Treatment. — Faradic  bath  (feeble  current),  with  a  view  to  prevent 
further  wasting  of  muscles. 

24th  Oct.  1899. — Condition  improved.    Faradism  not  so  painful. 

2nd  Oct.  1900. — Returned  after  having  discontinued  visits.  Some 
improvement. 

Mouth. — Shews  extreme  oral  sepsis,  which  she  states  has  lasted  since 
age  of  20— i.e.  14  years.  Between  ages  of  24  and  27  she  suffered 
severely  from  indigestion;  at  age  of  28  she  had  severe  gastritis. 

Present  Cofidition. — Extreme  stomatitis  and  gingivitis.  Incisors  of 
upper  jaw  loose,  and  at  root  of  one  of  them  an  abscess  cavity  opening 
by  a  sinus  from  which  pus  wells  out  freely.  This  she  states  has  existed 
since  age  of  20.  Only  thirteen  teeth  serviceable,  the  remainder  are  re- 
presented by  necrotic  roots. 


U 


0 


CHAPTER  XXXI. 
CASES. 

Case  1. — The  patient,  a  gentleman  in  good  circumstances,  came 
under  my  observation  in  June  1888,  suffering  from  ansemia  and 
profound  weakness,  which  had  already  confined  him  to  his  bed  for 
three  months. 

Antecedent  History. — With  the  exception  of  an  attack  of  ague,  which 
he  had  had  as  a  youth  while  studying  on  the  Continent,  his  health  had 
up  to  the  onset  of  his  present  illness  been  exceptionally  good.  About 
six  years  previously  he  was  under  treatment  for  a  short  time  for 
a  gastric  attack,  stated  to  be  'gastritis'  by  Sir  George  Paget,  who 
attended  him. 

Mode  of  Onset. — Present  illness  dated  from  the  autumn  of  1886. 
During  a  holiday  in  the  country  he  was  exposed  for  a  tinie  to  unhealthy 
sanitary  conditions  in  the  house  in  which  he  stayed ;  and  he  suffered  at 
the  time  from  sore  throat  and  diarrhoea.  From  that  time  onward,  he 
never  entirely  regained  his  former  health.  He  continued  to  suffer  at 
times  from  an  inflammatory  condition  of  throat  and  tongue ;  and  his 
strength  began  gradually  to  fail,  so  much  so,  that  late  in  1887  he  was 
induced  to  seek  medical  advice. 

Cofidition  in  1888. — In  January  1888  anaemia  was  already  very 
marked;  but,  with  the  exception  of  some  congestion  of  the  throat,  and 
certain  pale  red  spots  on  the  tongue,  there  was  nothing  further  objective 
to  be  made  out.  At  times  there  were  retching  and  vomiting,  especially 
in  the  morning.  Although  still  able  to  go  about,  his  condition  at  this 
time  was  such  as  to  occasion  anxiety  to  his  friends.  A  month  later, 
the  number  of  corpuscles  was  found  reduced  to  860,000  per  cubic 
centimetre  (17  per  cent.);  and  the  corpuscles  themselves  shewed  all 
varieties  of  change  both  in  form  and  size.  Under  treatment  he  re- 
covered considerably  during  the  spring  and  summer  of  that  year.^ 

I  first  saw  him  in  June  1888.  He  complained  much  of  great  weakness 
and  exhaustion,  on  the  slightest  exertion.    There  was  no  emaciation ; 

1  For  the  notes  as  to  his  condition  at  this  time  I  am  indebted  to  the  kindness  of  Sir 
Lauder  Brunton,  to  whom  I  here  desire  to  express  my  thanlcs. 
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but  the  pallor  was  marked,  without  any  trace  of  lemon  tint,  or  of  jaun- 
dice of  conjunctive^.  The  condition  of  his  Tongue  troubled  him  much. 
Great  tenderness  on  mastication,  especially  when  hot  or  stimulating 
food  or  drinks  of  any  kind  were  taken.  He  described  the  tenderness 
on  swallowing  as  extending  down  the  throat  to  the  stomach.  Tongue 
extremely  raw  and  flabby,  deeply  indented  by  the  teeth,  presenting  a 
red  and  fiery  appearance,  with  here  and  there  scattered  patches  of  a 
more  inflamed  character,  the  intervening  portions  of  mucous  membrane 
being  smooth,  as  if  devoid  of  papilloe.  The  inflammatory  redness 
extended  to  the  anterior  pillars  of  the  fauces.  There  was  no  uneasi- 
ness or  tenderness  of,  nor  any  symptoms  connected  with,  the  Stomach 
itself. 

Blood. — Number  of  red  corpuscles  3,200,000  per  cubic  millimetre, 
with  56  per  cent,  of  haemoglobin  ;  the  corpuscles  shewing  no  specially 
marked  changes,  either  as  regards  their  size  or  shape.  This  condition 
of  the  blood  represented,  therefore,  a  considerable  improvement  on 
that  found  four  months  previously. 

He  went  to  the  country  for  a  time,  and  returned  early  in  August 
somewhat  improved  in  health.  The  improvement,  however,  was  more 
apparent  than  real.  The  condition  of  the  blood  on  his  return  I  found 
to  be  almost  the  same  as  before.  From  this  time  onward  he  began  to 
lose  ground,  and  became  weaker  and  weaker  till  he  had  to  take  to  bed 
early  in  December. 

Condition  in  1889. — He  again  came  under  my  observation,  on 
March  9th,  1889,  and  the  following  are  the  notes  taken  at  the  time. 
He  presented  an  extremely  pale,  slightly  lemon-coloured  appearance, 
without  jaundice  of  conjunctivae,  or  oedema,  or  other  obvious  signs  of 
disease.  No  emaciation,  although  patient  has  lost  all  the  appearance  of 
stoutness,  which  he  formerly  possessed.  No  fever;  pulse  108,  soft 
and  regular ;  weakness,  very  great ;  unable  even  to  sit  up  for  any  time. 
Muscles  of  arms  and  legs  very  soft  and  flabby. 

Alimentary  Syste^n. — Appetite  very  poor,  no  desire  for  food,  and 
much  discomfort  in  taking  it,  especially  if  of  a  hot  or  stimulating 
character.  Gums  very  spongy,  and  some  of  the  teeth  loose.  Condition 
of  tongue  much  the  same  as  that  previously  described ;  it  is  not  quite 
so  raw-looking,  but  presents  a  more  atrophied  appearance,  the  mucous 
membrane  being  smooth  and  free  from  papillfe.  At  parts  over  the 
dorsum,  and  along  the  edges,  there  are  patches  of  more  fiery  redness ; 
some  under  the  tip  of  the  tongue  shewing  small  inflamed  vesicles  full 
of  serum.  The  whole  tongue  is  tender,  and  mastication  is  both  painful 
and  difficult.  No  acidity,  or  uneasiness  in  stomach  after  food ;  occasional 
flatulence ;  botvels  irregular,  requiring  the  use  of  mild  laxatives  (castor- 
oil  in  capsules) ;  looseness  at  times,  especially  at  nights,  alternating  with 
constipation.    While  the  former  weakens  him,  the  latter  occasions  him 
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even  more  discomfort.  He  always  feels  very  uneasy,  when  the  bowels 
are  not  moved  daily. 

Nothing  abnormal  to  be  found  on  physical  examination  of  the 
abdomen.  Liver  dulness  natural.  Spleen  enlarged  ;  dulness  extending 
from  upper  border  of  eighth  to  lower  border  of  eleventh  rib. 

Blood  %\\ftv<%  marked  changes.  Number  of  red  corpuscles  1,730,000 
(34  per  cent.),  with  30  per  cent,  of  hremoglobin.  The  red  corpuscles 
are  well  preserved,  but  shew  marked  changes,  both  as  regards  size  and 
shape ;  the  former,  however,  being  much  more  marked  than  the  latter. 
The  corpuscles  vary  in  diameter  from  three  to  ten  or  fifteen  /a;  most  of 
them  under  examination  spherical,  including  those  of  small  size ;  some, 
however,  oval,  flask-shaped,  and  pointed.  In  addition,  a  certain  number 
are  seen,  throwing  off  buds,  varying  in  diameter  from  one-third  that  of 
the  original  corpuscle  upwards.  In  all  respects,  except  size,  these  buds 
resemble  the  original  corpuscles — their  shape,  colour,  and  appearance 
being  the  same.  A  certain  number  of  the  red  corpuscles,  surrounded 
by  paler,  more  colourless  spheres,  derived  apparently  from  the  corpuscles 
themselves.  The  material  of  the  corpuscles  seems  to  ooze  out,  and 
then  assume  the  spherical  form,  frequently  remaining  attached  for 
a  time  by  slender  processes  to  the  main  body  of  the  corpuscle.  No 
increase  in  the  number  of  blood  plates^  or  of  white  corpuscles.  No  small 
extremely  high-coloured  spherical  corpuscles — Eichhorst's  corpuscles — 
to  be  seen.    No  nucleated  corpuscles. 

Urine  very  high-coloured,  clear,  very  acid ;  quantity,  thirty-five 
ounces,  in  addition  to  some  unavoidably  lost.  Specific  gravity  1015. 
Free  from  albumen ;  no  bile  pigments — the  possible  presence  of  which 
was  suggested  by  its  colour ;  no  hoemoglobin,  or  acid  hsmatin.  Urea, 
I  "7  per  cent.  It  deposits  on  standing  a  flocculent  cloud  of  mucus. 
On  microscopic  examination,  a  number  of  desquamated  renal  cells, 
in  small  irregular  cast-like  groups,  holding  granules  of  blood-pigment. 
The  yellowish  granules  of  blood-pigment  are  confined  to  those  cells, 
none  being  seen  free,  or  within  any  of  the  epithelial  cells  of  the 
bladder. 

Vasomotor  and  Nervous  System. — Mental  faculties  absolutely 
unaffected.  Troubled  a  little  with  sleepless?iess  at  night,  also  with 
occasional  and  somewhat  profuse  perspirations,  especially  in  the  early 
morning.  These  latter  are  usually  connected  with  the  attacks  of  loose- 
ness of  the  bowels,  from  which  he  at  the  same  time  suffers.  The  other 
systems  present  nothing  abnormal. 

Subsequent  History. — The  patient  had  been  steadily  losing  ground 
since  the  preceding  December.  His  temporary  recovery,  the  previous 
summer,  had  taken  place  under  the  administration  of  phosphorus  and 
strychnine.  Arsenic  had  failed  then  to  do  him  any  good,  and  it  had 
not  since  been  tried.    He  was  now  receiving  iron,  in  the  form  of  small 
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doses  of  the  tincture  of  the  perchloride,  without  apparently  any  benefit. 
He  was  taking  various  meat  and  beef  extracts,  in  addition  to  such 
solid  meat,  fish,  egg,  chicken,  etc.,  as  he  could  be  induced,  or  as  the 
condition  of  his  tongue  would  allow  him  to  take.  It  was  the  latter  that 
occasioned  him  most  trouble,  the  taking  of  food  being,  in  fact,  a  painful 
effort,  owing  to  tlie  tenderness  of  the  totigue. 

Mild  astringent  lotions  were  ordered  for  the  mouth;  the  diet  was 
changed  to  a  less  nitrogenous  one,  milk  and  farinaceous  food  being 
substituted ;  and,  in  addition  to  the  iron  he  was  already  receiving, 
arsenic  in  2-minim  doses  of  the  liquor  arsenicalis  was  ordered.  Under 
this  treatment,  a  rapid  and  distinct  improvement  took  place,  as  regards 
the  condition  of  the  mouth  and  tongue.  The  change  of  treatment  took 
place  on  March  lo.  The  effect  was  already  obvious  on  March  20. 
The  tongue  was  then  flabby  and  smooth  on  the  surface,  but  much  less 
so  than  before.  It  had  lost  its  former  angry  red  appearance,  and  was 
now  much  paler,  the  inflamed  patches  were  less  marked,  and  the 
vesicles  had  entirely  disappeared.  From  this  time  onward,  he  ceased 
to  have  any  further  trouble  with  his  tongue.  Its  condition  was  better 
than  at  any  time  during  the  previous  year  and  a  half.  The  sponginess 
of  the  gums  disappeared;  and  the  teeth  became  firm.  The  tongue 
always  continued  to  present  a  smooth  flabby  appearance ;  but  the 
tenderness  on  eating  was  entirely  lost ;  instead  of  being  a  painful  effort 
to  take  even  bland  food  and  drinks,  he  could  take  all  kinds  of  food  and 
even  condiments  without  the  slightest  discomfort. 

Under  the  change  of  diet,  a  corresponding  improvement — more 
gradual,  however,  and  less  obvious  in  its  character,  was  also  noticed  for 
a  time  in  his  general  condition.  The  arsenic  was  found  to  disagree, 
and  was  stopped  five  days  later  (March  15th).  Its  administration  had 
been  pushed  too  rapidly,  with  the  result  that  the  patient  suffered  from 
frequent  micturition,  and  some  symptoms  of  strangury.  At  the  same 
time,  the  urine  threw  down,  for  the  first  time,  a  heavy  deposit  of  uric 
acid  crystals,  and  amorphous  urates.  This  condition  entirely  dis- 
appeared, and  never  recurred  after  the  arsenic  was  stopped.  As  arsenic 
had  been  found  in  an  earlier  stage  of  his  illness  to  be  without  effect,  I 
did  not  again  try  it. 

April  13.— The  improvement  that  occurred  for  a  time,  may  be 
judged  of  by  a  note  made  a  month  later  (April  13th).  Notwithstanding 
that  during  the  intervening  period  he  had  several  exacerbations  of  weak- 
ness of  the  kind  presently  to  be  described,  and  on  two  occasions  had 
had  slight  bleedings  from  the  nose,  his  general  condition  was  on  the 
whole  considerably  improved.  His  appetite  was  better,  and  he  was 
taking  much  more  food  than  before. 

The  pallor  was  still  extreme,  mixed  with  a  slightly  lemon  hue ;  but 
there  was  a  slight  return  of  colour  to  the  mucous  membranes  and  finger 
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nails.  He  felt  considerably  stronger,  and  was  now  able  to  sit  up  for 
half  an  hour  daily.  He  was  still  troubled  with  occasional  looseness  of 
the  bowels,  especially  at  night,  accompa^iied  by  sweatijig.  The  improve- 
ment evident  in  his  general  condition  was  most  manifest  in  the  urine. 
The  latter  was  of  more  natural  colour  than  at  any  time  observed 
throughout  the  latter  period  of  his  illness,  and  presented  nothing 
abnormal  on  microscopic  examination. 

'  Toxcemic''  Attacks. — The  improvement  which  had  thus  set  in, 
slight  though  it  was,  had  not,  however,  been  an  uninterrupted  one.  He 
was  subject  from  time  to  time  to  peculiar  exacerbations  of  weakness, 
usually  more  or  less  sudden  in  onset,  and  of  comparatively  short 
duration,  which  always  left  him  in  a  more  exhausted  condition  than 
before.  They  occurred  without  any  recognizable  exciting  cause,  and 
were  marked  by  certain  highly  characteristic  features  well  fitted  to  arrest 
attention. 

The  first  of  these  attacks,  I  had  occasion  to  note,  occurred  on 
March  22nd.  For  two  days  previously,  he  had  presented  a  much  more 
lemon  tint  than  usual ;  and  the  urine  at  the  same  time  had  become  still 
more  highly  coloured.  The  night  of  the  21st  had  been  disturbed  by 
perspiration;  but  on  the  morning  of  the  22nd,  he  felt  comparatively 
well,  and  took  breakfast  as  usual.  Shortly  afterwards,  he  was  seized 
with  a  feeling  of  intense  tveakness,  ushered  in  by  droivsiness  so  marked 
in  character,  that  at  the  time  of  my  visit  the  patient  lay  in  a  dreamy 
soporific  state,  as  if  under  the  influence  of  a  slight  narcotic,  answering 
questions  slowly  and  languidly,  and  taking  no  interest  in  his  surround- 
ings. This  was  all  the  more  marked,  as  his  natural  disposition  at  all 
times  was  lively  and  excitable.  While  the  attack  lasted,  the  patient 
presented  a  ghastly  hue,  the  lemon  tint  becoming  so  pronounced,  that 
the  medical  attendant  at  one  time  feared  an  attack  of  jaundice.  The 
pulse  was  slightly  increased  in  rapidity,  and  more  compressible; 
temperature  99*4° ;  pupils  contracted.  The  drowsiness  continued  till 
late  in  the  afternoon,  gradually  passing  off.  During  the  night  there 
were  several  free  motions  of  the  bowels,  the  stools  being  much  darker  in 
colour  thaft  usual. 

The  urine  passed  at  the  same  time  was  of  remarkably  high  colour, 
clear,  very  acid  in  reaction,  specific  gravity  10 16,  quantity  obtained 
(excluding  some  unavoidably  lost)  being  36  ounces.  On  microscopic 
examination,  I  found  a  large  number  of  renal  cells  contai?iing  granules  of 
blood-pigment,  some  of  the  cells  being  full  of  such  granules.  The 
appearance  of  these  renal  pigment  cells  in  the  urine  at  this  time  was  all 
the  more  striking,  as  they  had  been  entirely  absent  from  the  urine  for 
more  than  a  week  previously  (March  13th  to  22nd). 

The  day  after  such  an  attack  as  has  been  described,  the  patient 
always  expressed  himself  as  feeling  relieved,  although  always  feeling  much 
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weaker.  Slight  attacks  occurred  from  time  to  time ;  constituting  what 
came  to  be  termed  his  '  bad  days.'  Their  onset  was  always  heralded 
by  a  more  yellow  or  lemon  hue  of  skin ;  when  at  their  worst,  his 
weakness  was  such,  that  the  worst  was  occasionally  feared.  Neverthe- 
less, he  recovered  from  these  in  the  most  marvellous  way;  so  that, 
as  already  mentioned,  on  April  13th  considerable  improvement  had 
taken  place  in  his  general  condition  since  the  time  he  came  under  my 
observation. 

On  April  1 7th  he  had  another  sharp  exacerbation  of  weakness,  from 
which  he  never  again  fully  recovered.  It  was  marked  as  before  by  drozvsi- 
ness,  increase  of  lemon  colour,  profound  weakness,  slight  rise  of  temperature, 
flushing  of  head  ivith  perspiration,  and  contraction  of  pupils ;  and  was 
followed  by  several  free  motions  rich  in  pigments,  and  by  the  passage  of 
very  high-coloured  urine,  extremely  acid  in  reaction,  with  renal  cells  and 
casts  containing  granules  of  blood  pigment. 

He  rallied  from  this,  and  was  able  to  sit  up  for  an  hour  on  April 
23rd.  Next  day,  however,  he  had  a  return  of  the  weakness,  and  was 
languid  and  drowsy  the  whole  day.  Examination  of  the  Blood  the  follow- 
ing day  shewed  :  number  of  red  corpuscles  950,000  (19  per  cent.),  with 
20  per  cent,  of  haemoglobin ;  poikilocystosis  extremely  marked ;  the  red 
corpuscles  presenting  the  most  marked  changes  in  shape  and  size ; 
some  of  them  throwing  off  buds,  others  surrounded  by  pale  colourless 
discs  still  adhering  to  the  corpuscles  by  slender  processes.  The  pallor 
of  the  patient  at  this  time  was  extreme ;  lemon  colour  very  marked,  the 
appearance  presented  by  the  conjunctivte  being  that  of  slight  jaundice. 
Tongue  soft  and  flabby,  slightly  red  at  margins,  smooth  on  the  dorsum. 
He  had  not  been  troubled  so  much  with  his  bowels  during  the  last 
week.  Perspirations  had  also  been  checked  by  y^^-grain  of  sulphate  of 
atropine  at  bedtime.  Pulse  100,  soft  and  regular;  temperature  normal, 
slightly  raised  during  the  last  three  nights — never,  however,  above 
99*5°  F.  At  times  a  feeling  of  great  heat  over  the  head.  Systolic 
murmurs  over  the  heart.    Splenic  dulness  still  increased. 

From  this  time  onward,  he  rapidly  lost  ground,  his  weakness  steadily 
increasing,  uninfluenced  apparently  by  diet — mainly  milk, — or  medicine 
— ^-naphthol,  on  which  he  was  now  put.  The  urine  remained  of  per- 
sistently high  colour,  notwithstanding  that  the  quantity  was  undiminished 
—varying  from  40  to  52  ounces,  and  its  specific  gravity  was  low  (1014). 
Slight  attacks  of  drowsiness  became  more  common,  with  mild  delirium 
at  nights.  On  May  3rd  slight  epistaxis  occurred,  the  blood,  of  a  pale 
yellow  colour,  merely  tinged  with  hemoglobin.  The  heart's  action 
became  weaker,  murmurs  louder,  weakness  greater;  till  finally  death 
occurred  on  May  22nd,  preceded  by  wandering  delirium.  Conscious- 
ness was  retained  till  within  a  few  hours  of  death, 
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Moi'hid  Anatomy. 

Extreme  pallor  of  body ;  subcutaneous  fat  of  a  bright  lemon  colour 
present  in  considerable  quantity.  All  the  organs  of  the  body,  'ivith 
single  exception  of  spleen,  pale  and  bloodless. 

Heart  shewed  slight  fatty  degeneration  of  its  muscle. 

Liver,  on  section,  presented  a  rusty  and  somewhat  mottled  appearance. 
Centre  of  lobules  pale,  fatty ;  periphery  of  a  more  brownish  tint,  due 
to  the  presence  of  much  pigment.  On  micro-chemical  examination 
the  tissue  was  found  exceedingly  rich  in  blood  pigment.  A  piece  of  it 
placed  in  sulphide  of  ammonium  became  coal-black  in  a  few  seconds — 
the  characteristic  reaction  of  free  iron.  On  microscopic  examination, 
the  pigment  was  seen  in  the  form  of  granules,  for  the  most  part  of  fairly 
uniform  size  and  appearance,  lying  within  the  liver  cells,  and  most 
abundant  in  the  outer  two-thirds  of  the  lobules.  Similar  pigment 
granules,  although  much  fewer  in  number,  also  seen  within  the  capil- 
laries, lying  enclosed  in  leucocytes.  These  changes  were  best  seen, 
after  developing  the  Prussian  blue-reaction  of  the  iron  in  the  pigment, 
by  placing  the  sections  first  in  solution  of  ferrocyanide  of  potassium, 
and  afterwards  for  a  short  time  in  dilute  hydrochloric  acid. 

Spleen  weighed  ii^  ounces,  enlarged  and  soft,  presenting  a  purplish 
appearance.  Pulp  soft  and  diffluent.  Its  appearance  that  of  a  con- 
gested spleen.  On  microscopic  examination  of  fresh  pulp,  red  cor- 
puscles very  sparse,  in  no  greater  number  than  in  other  fresh  organs. 
Rich  purple  colour  due  to  the  prese?ice  of  free  hcemoglobin.  Large  irregular 
rhomboidal  crystals,  probably  of  haemoglobin,  seen  here  and  there.  A 
piece  of  the  fresh  tissue,  placed  in  sulphide  of  ammonium,  became 
rapidly  coal-black.  Blood-pigment  present  in  very  large  quantity,  in 
the  form  of  minute  spherical  granules  lying  within  the  cells  of  pulp. 
After  harde?iing  of  tissue  this  reaction  altogether  less  marked. 

Kid?ieys,  pale  and  bloodless.  Large  quantity  of  blood-pigment  in  the 
form  of  fine  granules  lying  within  the  cells  of  the  convoluted  tubules, 
also,  in  certain  of  the  ascending  loops  of  Henle.^ 

In  the  case  described,  the  kidneys  shewed  the  usual  pigment  changes. 
The  convoluted  tubules  shewed  a  large  quantity  of  pigment  in  process 
of  excretion,  the  form  and  distribution  of  the  pigment  being  precisely 
similar  to  that  described.  In  many  of  the  tubules  the  epithelial  cells 
were  filled  with  pigment  granules.  A  number  of  these  shewed  signs  of 
fatty  degeneration.  Some  of  the  pigment  was  contained  within  cells 
that  seemed  to  have  become  detached,  and  lay  free  within  the  lumen  of 
the  tubule. 

^  For  full  description  of  these  changes  in  the  kidney  in  cases  of  pernicious  ansemia, 
as  well  as  of  their  significance,  see  my  paper,  "  On  the  Excretion  of  Blood  Pigment," 
Practitioner^  November  1889  (Chapter  VIII.). 
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Stomach— of  stomach  and  intestine  very  thin  and  almost 
transparent.    No  trace  of  malignant  disease.    Lymphatic  glands  lying 
along  the  main  lympathic  trunks  on  the  smaller  curvature  of  the 
stomach  enlarged,  soft,  pinkish,  and  translucent  in  appearance,  the 
largest  of  them  five  centimetres  in  diameter.    Stomach   empty,  its 
mucous  membrane  covered  with  a  thin  layer  of  mucus,  slightly  bile- 
stained  near  the  pylorus.    Mucous  membrane  very  thin,  but  presenting 
to  naked  eye  no  obvious  morbid  appearance.    After   hardening — 
portions  of  it  in  Miiller's  fluid  and  then  in  spirit;  other  portions  in 
spirit,  most  extensive  changes  are  revealed,  affecting  both  the  sub- 
mucous and  the  mucous  coats.    The  cardiac  end  of  the  stomach  is  the 
seat  of  chronic,   subacute,  and   acute   inflammatory   processes,  the 
changes  varying  in  degree  and  character  at  different  parts.    At  parts, 
the  gastric  glands  have  entirely  disappeared,  and  are  replaced  by  fibrous 
tissue ;  at  others,  the  glands  are  still  seen  surrounded,  and  pressed  on, 
by  connective  tissue,  the  glandular  cells  themselves  in  a  state  of  pro- 
liferation.   At  parts,  the  changes  are  even  more  acute,  large  groups  of 
actively  proliferating  connective  tissue  and  glandular  cells  replacing 
the  original  gland  structure.    Around  these  inflammatory  foci,  capil- 
laries are  seen  greatly  distended,  extending  in  from  the  submucosa. 
Changes  of  this  kind  are  present  throughout  the  greater  part  of  the 
mucous  membrane ;  only  here  and  there  are  portions  seen,  where  the 
glandular  structure  remains  intact.    The  changes  in  the  submucous 
coat  are  as  striking  as  those  in  the  mucous  membrane  itself.  The 
submucous  coat  is  greatly  thickened ;  so  much  so,  that  it  is  difficult  at 
parts  to  trace  the  transition  between  it  and  the  mucous  membrane ;  this 
thickening  is  due  to  increase  of  fibrous  tissue,  resulting  from  chronic 
inflammatory  processes.    The  change  involves  in  a  special  degree  the 
vessels,  the  walls  of  which  are  greatly  thickened  j  at  parts,  however, 
the  process  is  more  subacute  in  its  character,  the  walls  of  the  vessels 
being  seen  infiltrated  with  groups  of  proliferating  connective  tissue  cells. 
In  the  pyloric  portion  of  the  mucous  membrane,  the  chief  change  is 
the  increase  in  the  interstitial  connective  tissue  between  the  glands; 
the  more  subacute  and  acute  inflammatory  changes  are  absent. 

Sfnall  Intestine. — Walls  very  thin.  Mucous  membrane  of  duodenum 
covered  with  a  thin  coating  of  slightly  bile-stained  mucus.  No  swelling 
or  other  obvious  change.  On  microscopic  examination  nothing 
abnormal  found. 

During  the  last  two  months  and  a  half  of  his  illness  the  iirine  of  this 
patient  was  made  the  subject  of  the  series  of  observations  already 
described  relating  to  (i)  Excretion  of  urobilin  ;  (2)  Excretion  of  blood 
pigment ;  (3)  Excretion  of  iron ;  (4)  Excretion  of  aromatic  sulphates ; 
(5)  Excretion  of  ptomaines, 
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Case  2. — The  origin  of  illness  in  this  case  was  referred  to  the  use 
of  a  new  tooth-plate.  Sickness,  looseness  of  the  bowels,  toxaemic 
attacks,  and  nervous  symptoms,  were  the  presenting  conditions.  The 
illness  lasted  for  four  and  a  half  years. 

The  patient,  a  gentleman,  aged  42  years,  was  sent  to  me  by  Dr. 
R.  Honeyburne,  of  Idle,  Bradford,  with  the  following  graphic  history 
of  the  case. 

Mode  of  Onset. — "He  began  to  look  paler  nearly  four  years  ago, 
and  consulted  me  then.  He  dates  his  illness  himself  from  a  new  set 
of  upper  teeth  fixed  in  a  gold  plate,  which  tarnished  and  tasted  'like 
pennies'  from  the  first  day  he  wore  them,  until  by  my  advice  they 
were  removed,  and  a  vulcanite  plate  substituted.  In  addition  to  a 
general  feeling  of  ill-health,  one  of  the  first  symptoms  he  complained 
of  was  a  sensation  of  numbness  and  tifigling  in  his  hands  and  feet. 
He  became  progressively  more  and  more  ansemic,  lost  his  knee-jerk, 
developed  hcemic  miirmujs,  votnited  his  food,  and  certain  of  his  muscles 
(deltoids  and  extensors  of  the  thigh)  wasted  markedly.  There  was 
no  wrist  drop.  By  this  time  his  pallor  was  v:\q%\.  marked,  his  skin  having 
a  yellowish  tinge ;  his  pulse  got  quicker  and  weaker,  till  he  lay  in  bed 
cedematous  nearly  all  over  (on  the  chest,  back,  legs,  backs  of  hands, 
face,  etc.);  he  was  delirious,  vomiting  nearly  everything,  his  blood 
being  pale,  and,  on  examination,  containing  very  few  perfectly-formed 
.cells  and  a  mass  of  granular  debris — in  short,  he  got  so  bad  that  I 
did  not  think  he  could  live  another  week.  All  this  time  he  had  been 
taking  large  quantities  of  iron,  and  latterly  arsenic.  An  addition  of 
one  twenty-fourth  of  a  grain  of  corrosive  sublimate  was  now  added 
to  his  medicine  (five  minims  of  liquor  arsenicalis  every  four  hours), 
and  his  improvement  under  it  (or,  at  any  rate,  after  it)  was  marvellous. 
The  vomiting  stopped,  the  oedema  subsided,  and  he  began  to  gain 
colour.  In  about  three  months  he  was  quite  well  again,  with  the 
exception  of  the  wasted  muscles,  which  still  remained  stiff,  and  made 
his  gait  somewhat  awkward.  They  in  about  six  months  more  had  also 
recovered  except  the  knee-jerk." 

"  At  this  time,  looking  back  on  the  case,  I  thought  it  one  of  lead- 
poisoning,  though  Dr.  J.  E.  Eddison,  of  Leeds,  then  leaned  to  the 
view  that  it  was  a  cured  case  of  pernicious  anaemia.  The  patient 
remained  well  for  two  years,  then  he  had  an  attack  of  melancholia, 
which  soon  passed  off,  leaving  him  again  quite  well  (better  in  health 
than  he  had  ever  felt  before,  so  he  says).  There  was  no  anaemia. 
This  state  of  well-being  lasted  for  about  six  months,  when  small-pox, 
being  prevalent,  I  vaccinated  him.  This  occurred  last  October  (1893), 
and  from  that  date  he  gradually  declined  in  health  until  about  Christ- 
mas, when  his  ansemia  was  well  marked,  and  he  began  to  take  his 
former  niedicine — rnercuric  chloride  and  arsenic.    He  immediately 
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improved,  and  continued  to  do  so  until  he  had  an  attack  which  looked 
like  influenza,  but  may  have  been  one  of  the  febrile  attacks  common 
to  the  disease,  since  which  time  he  has  remained  nearly  stationary 
in  spite  of  the  medicine  he  has  been  taking  regularly,  with  the  exception 
of  a  short  time  when  we  were  obliged  to  remit  it  because  of  an  attack 
of  arsenic  poisoning — scaly  eczema  on  the  backs  of  the  wrists  and 
elbows,  with  marked  bronzing  of  the  skin  in  other  parts.  I  think  that 
is  about  all  I  have  to  tell  you  concerning  his  history.  If  there  is  any- 
thing else  you  want  to  know,  he  will  be  able  to  give  you  an  intelligent 
account  of  it  himself.  With  regard  to  my  theory  of  lead-poisoning,  I 
must  say  that  I  was  never  able  to  find  any  possible  means  of  lead 
ingestion  except  the  doubtful  one  of  the  tooth-plate  ;  also,  about  the 
vaccination  origin  of  the  relapse,  it  occurred  exactly  in  point  of  time, 
but  I  never  heard  of  such  an  origin  of  pernicious  antemia.  Still,  it  is 
a  disease  of  which  we  have  much  to  learn." 

Antecedent  History. — In  May  1894  when  I  saw  him  I  ascertained  that 
the  family  history  of  the  patient  was  good,  and  his  own  previous  health 
had  been  good.  The  present  illness  dated  from  four  years  previously. 
He  had  changed  his  tooth-plate  in  May,  and  had  suffered  from  acidity 
and  a  pricking  feeling  in  the  hands ;  in  December  he  began  to  get 
weak.  In  January  1891  he  had  to  take  to  his  bed  for  six  weeks, 
with  great  weakness,  swelling  of  the  hands,  sickness,  and  constipation. 
He  was  '  unconscious  for  a  week.'  He  woke  up  suddenly  conscious, 
and  asked  for  a  glass  of  beer.  He  could  eat  anything,  and  he  got 
well,  and  in  June  was  going  about ;  there  was,  however,  stiffness  in 
the  legs,  and  the  muscles  were  wasted.  He  remained  well  till  early 
in  1893,  when  he  had  business  worry;  not  a  great  one,  but  it  seemed 
to  'knock  all  the  nerve'  out  of  him.  He  went  away  for  three  weeks, 
and  came  back  better.  During  that  summer  (1-893),  he  had  never 
had  such  good  health.  His  usual  weight  was  13  st.  6  lb. ;  it  then  rose 
to  13  St.  12  lb.    Now  in  May  1894  it  was  11  st.  6  lb. 

In  December  1893  came  the  small-pox  scare.  He  got  frightened 
and  was  vaccinated.  Two  weeks  later,  he  had  sickness,  and  he 
suffered  from  biliousness.  After  being  three  weeks  under  treatment, 
he  again  got  well,  or  seemed  to  do  so.  In  January  1894  he  had  a 
sudden  fit  of  chilliness — a  rigor.  The  temperature  was  102°  F.  The 
patient,  who  was  ill  for  two  days,  got  well  from  this ;  but  he  '  hung 
fire'  ever  after. 

Cofidition. — He  was  then  sallow,  lemon-coloured,  very  weak  and 
breathless.  He  complained  of  numlmess  a7id  tindins:  of  the  leo-s  • 
and  there  was  marked  bronzing  of  the  skin  over  the  back  and  in 
patches  on  the  legs.  The  knee-jerks  were  absent.  He  sufi'ered  a  good 
deal  from  sickness,  which  came  on  regularly  morning,  afternoon,  and 
evening,  and  was  sometimes  biiiojis  in  character.    The  bo-wcls  had  been 
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very  free,  acting  two  or  three  times  daily  up  to  a  week  previously  to  the 
time  of  my  seeing  him.    There  was  no  pain  or  loss  of  blood. 

Blood. — The  red  corpuscles  numbered  1,800,000  (36  per  cent.) 
with  poikilocytosis  ;  hcemoglobin,  38  per  cent. 

The  patient  died  in  December  1894,  after  an  illness  of  four  and 
a  half  years'  duration. 

Case  3. — This  was  a  case  of  pernicious  ansemia  of  indefinite  origin. 
There  were  febrile  attacks,  sickness  and  biliousness,  and  the  tongue  was 
raw  and  tender, '  like  raw  beef.'  The  duration  of  the  illness  was  two  years. 

The  patient  was  sent  by  Mr.  Corner  of  Poplar. 

Mode  of  Onset. — His  previous  health  had  been  good.  Two  years 
before  (1893)  he  had  suffered  from  'influenza.'  A  year  later  (1894), 
he  had  had  another  attack.  He  did  not  suffer  from  indigestion  before 
his  first  influenzal  attack  in  1893.  After  that,  he  constantly  complained 
of  ^  faint  and  tveak  feeling  in  stomach.  Since  then,  there  had  been  loss 
of  appetite  for  both  food  and  drink.  From  Christmas  (1894)  to  May 
(1895)  there  was  improvement,  when  he  went  back  to  work,  at  which 
he  continued  till  the  middle  of  August.  He  was  still,  however,  very 
2ueak,  since  he  noted,  as  a  mark  of  improvement,  that  he  could  walk 
a  mile  or  so.  His  appetite  at  this  time  was  fair.  On  September  7  he 
was  seized  with  a  chill  and  with  shiverings.  The  temperature  was  1 04°. 
On  the  next  day,  the  temperature  was  normal.  He  picked  up  a  little, 
and  went  to  business ;  but  grew  feebler  day  by  day.  He  felt  sick,  and 
fainted  at  times. 

Condition. — On  October  10,  1895,  when  I  saw  him,  his  condition 
was  extremely  anaemic  ;  the  lemon  hue  was  noticeable,  and  there  was 
slight  conjunctival  jaundice.  He  had  lost  i|  st.  in  weight  in  the  last 
twelve  months.  There  was  sickness  occasionally,  usually  after  eating. 
The  stomach  was  slightly  dilated ;  there  was  no  tenderness,  but  some 
flatulence.  The  bowels  during  the  past  year  had  been  regular  ;  formerly 
they  were  constipated.  There  was  no  pain  or  discomfort  in  con- 
nexion with  them,  and  no  loss  of  blood  from  them.  The  rectum  was 
normal.  Between  October  1894  and  May  1895  the  tongue  was  raiv 
and  tender,  '  like  raw  liver,'  causing  him  great  pain.  He  had  bad 
teeth,  but  they  caused  him  very  little  pain.  He  was  scarcely  ever  known 
to  have  toothache,  but  now  and  again  he  suffered  from  neuralgia. 
Latterly,  he  would  discover  that  a  tooth  was  loose,  and  could  be  drawn 
out  without  the  slightest  force  or  trouble.  He  never  wore  false  teeth  or 
a  tooth-plate  of  any  kind. 

Blood. — The  red  blood  corpuscles  numbered  1,860,000  (37  per 
cent.),  with  slight  poikilocytosis ;  haemoglobin,  54  per  cent.  There  were 
no  retinal  haemorrhages.  There  was  a  sensation  of  numbness  and 
tingling  in  the  fingers.    The  knee-jerks  were  absent. 


CASES. 


317 


Subsequent  History.— patient  died  in  January  1896.  From 
the  time  I  saw  him  up  to  the  time  of  his  death,  he  suffered  from 
sickness  and  vomiting.  During  the  last  month  or  two  of  his  illness, 
the  faint  and  weak  feeling  in  his  stomach  he  described  as  agony.  Mr. 
Corner  reported  that  "  he  had  acute  relapses  of  fever,  with  disturbances 
of  liver,  etc.,  and  increased  failure  of  heart." 

Case  4.— In  this  case  the  prominent  symptoms  were  nervous  symp- 
toms, the  teeth  were  all  decayed  and  black,  and  there  was  diarrhoea,  but 
no  sickness.    The  illness  lasted  for  two  and  a  half  years. 

History. — The  patient  was  a  gentleman  aged  56  years,  whom  I  saw 
with  Dr.  Aldren  Turner  on  January  24,  1896.  There  was  a  history  of 
increasing  weakness,  with  intermittent  periods  of  betterment  for  the 
previous  two  and  a  half  years  ;  the  weakness  specially  marked  during  the 
last  three  months.  The  patient  had  come  under  Dr.  Turner's  care  on 
account  of  nervous  symptoms,  ataxia,  numbness  and  paroesthesia,  and 
loss  of  knee-jerks  ;  but  there  was  no  loss  of  flesh.  He  had  formerly 
been  a  very  active,  athletic  man,  and  had  lived  a  healthy  outdoor  life. 

Condition. — He  was  slightly  built  when  I  saw  him,  and  appeared 
very  anaemic,  and  slightly  lemon-coloured.  The  tongue  was  soft,  clean, 
moist,  and  not  indented.  The  teeth  tvere  very  bad,  all  decayed ;  they 
formed  a  lot  of  black  decayed  fangs  and  crowns.  The  stomach  was  dilated, 
and  there  were  splashing  sounds  ;  the  abdomen  generally  was  flatulently 
distended  and  full.  Flatulence  was  present,  but  there  was  no  sickness. 
The  bowels  were  loose,  acting  five  or  six  times  daily,  and  the  stools  were 
very  offensive.  There  was  no  malignant  disease  in  the  rectum.  The 
blood  was  exceedingly  pale;  the  red  corpuscles  numbered  760,000  (15 
per  cent.),  and  were  small  and  misshapen  ;  and  there  was  much  granular 
debris ;  haemoglobin,  1 8  per  cent.  Systolic  bruits  were  heard  in  the 
heart.  There  was  some  oedema  of  the  ankles.  The  pulse  was  84,  of 
fair  strength,  and  regular  (the  patient  had  been  taking  digitalis).  He 
was  extremely  excitable,  talking  almost  incessantly,  and  was  very  diffi- 
cult to  manage.  The  colour  of  the  urine  was  normal ;  there  was  no 
albumin.    The  spleen  was  not  enlarged. 

Treatment. — As  much  milk  as  possible ;  five  grains  of  salicylate  of 
bismuth  with  five  grains  of  salol  were  administered  every  four  hours  ; 
five  minims  of  liquor  arsenicalis  thrice  daily ;  and  calomel  at  night  for 
three  nights. 

On  February  3  (ten  days  later),  I  learnt  that  he  had  been  better 
since  my  former  visit ;  but  had  been  very  weak  for  the  last  two  days, 
with  weak,  intermittent,  and  irregular  pulse.  He  had  been  very  ex- 
citable, seeing  visitors,  altering  his  will,  and  constantly  talking.  He  had 
become  hoarse.  His  colour  was  better,  and  his  fingers  were  warmer. 
The  abdomen  was  much  less  distended,  and  was  soft;  there  was 
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no  splashing.  In  that  respect,  the  patient  had  felt  much  better.  The 
tongue  was  clean  and  moist.  The  bowels  were  still  loose,  and  had  acted 
three  times  during  the  night ;  the  stools  were  no  longer  offensive,  and 
they  were  not  so  coloured  (they  were  black  before,  but  now  they  were 
of  the  colour  of  the  yolk  of  an  egg).  The  pulse  was  84,  soft,  and 
regular. 

The  blood  shewed  notable  difference  in  colour.  Red  corpuscles, 
1,250,000  (25  per  cent.);  hcemoglobin  40  per  cent.;  there  was  no 
granular  debris. 

The  hoarseness  formed  the  prelude  to  an  attack  of  bronchitis,  from 
which  the  patient  died  a  week  later. 

Case  5. — This  was  a  case  of  pernicious  anaemia  of  ill-defined  origin. 
The  teeth  were  necrosed.  The  duration  of  the  illness  was  two  years 
and  eight  months. 

History. — In  company  with  Dr.  Rowland  Coombs  of  Bedford,  I  saw 
the  patient,  a  man,  aged  51  years,  on  February  8,  1896.  He  was  a 
healthy  man,  who  had  never  suffered  from  any  severe  illness  till  the 
present  one.  There  had  been  increasing  weakness  for  the  last  twelve 
months,  especially  for  the  last  four  months ;  and  for  the  last  week  he 
had  been  confined  to  bed. 

Condition. — He  was  very  pale,  with  slight  lemon  colour  of  the  skin, 
and  slight  conjunctival  jaundice.  He  had  never  suffered  from  in- 
digestion, sickness,  or  vomiting;  and  was  free  from  them  now.  At 
most,  there  was  only  a  slight  degree  of  flatulence.  The  tongue  was 
clean,  but  not  especially  smooth,  and  there  was  nothing  abnormal. 
There  were  two  or  three  exceedingly  bad,  black,  rotten  stumps  of 
teeth  in  the  lower  jaw.  The  bowels  were  regular,  and  there  was  no 
diarrhoea.  The  weakness  was  greatest,  almost  to  faintness,  when  the 
bowels  were  moved.  He  had  suffered  a  little  from  piles,  which  used  to 
bleed  two  or  three  years  previously,  but  not  at  this  time.  There  was  no 
trace  of  malignant  disease  in  the  rectum.  The  abdomen  appeared 
somewhat  full,  and  there  was  considerable  distension  of  the  colon, 
especially  of  the  transverse  colon,  but  nothing  abnormal  was  felt.  In 
the  liver  and  spleen,  the  dulness  was  normal.  In  the  heart  loud  bruits 
were  heard.    The  urine  was  dark  ;  an  urobihn  band  could  be  detected. 

Blood. — The  haemocytes  numbered  1,230,000  (24  per  cent.),  with 
poikilocytosis ;  leucocytes,  4000  per  c.mm. ;  haemoglobin,  40  per  cent. 

On  May  8,  1896,  the  following  note  was  made  by  Dr.  Coombs  : — 
I  think  him  much  better.  Looks  better.  His  anaemia  and  breath- 
lessness  on  exertion  much  improved.  He  still  complains  of  rectal 
trouble,  due  wholly,  I  think,  to  haemorrhoids.  A  later  note  stated  : 
"  He  has  taken  on  a  part  of  his  work  again  and  apparently  without 
hurt."    The  patient  died  about  two  years  later  in  December  1897. 
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Case  6.— This  was  a  case  in  which  there  was  a  history  of  chronic 
indigestion,  very  bad  teeth,  and  diarrhoea.  The  illness  lasted  for  nine 
months. 

History.— The  patient,  a  man,  aged  52  years,  was  seen  by  me  in 
consultation  with  Dr.  A.  H.  W.  Clemow,  of  South  Kensington,  on 
January  31,  1898. 

History.— Kq  had  suffered  from  anaemia  six  months  previously  ;  and 
after  getting  better  had  experienced  a  relapse  three  weeks  before  we  saw 
him.  He  had  always  been  healthy  ;  but  had  suffered  from  indigestion, 
poor  appetite,  and  a  '  bad  cook.' 

Condition.— Ho  was  thin,  spare,  very  ansemic,  and  of  a  light  lemon 
tint.  The  tongue  was  clean,  but  flabby.  The  teeth  were  very  bad,  all 
covered  with  tartar  and  sordes.  Of  three  of  the  upper  molars,  only  the 
roots  were  left ;  and  one  of  these  was  so  loose  that  it  could  have  been 
pulled  out  with  the  finger.  Digestion  was  very  feeble.  The  boivels 
were  loose  irregularly  ;  and  the  breath  was  bad.  The  abdomen  was 
sunken  ;  there  were  no  pains  or  tumour  in  the  epigastrium.  In  the 
liver  and  spleen,  the  dulness  was  normal.  The  urine  was  dark  in 
colour,  with  urates  but  no  albumin. 

Blood. — The  red  corpuscles  numbered  1,390,000  (27  per  cent.) ; 
haemoglobin,  34  per  cent.  ;  there  was  poikilocytosis ;  there  was  no 
increase  of  leucocytes,  but  an  increase  of  granular  material. 

The  patient  died  three  weeks  later,  on  February  12,  1898. 

The  following  note  was  subsequently  furnished  me  by  Dr.  Clemow  : 
"  In  the  earlier  attack  of  anaemia,  I  find  he  had  no  sickness ;  but  there 
was  irregularity  of  the  bowels,  with  diarrhoea  at  times.  When  I  first  saw 
him,  his  temperature  was  raised  about  a  degree,  and  pulse  rapid,  112. 
Under  iron,  these  symptoms  gradually  subsided  ;  but  I  had  made  a 
diagnosis  of  probable  pernicious  anaemia.  During  the  last  week  of  his 
illness,  everything  he  took  into  the  stomach  caused  considerable  pain." 

Case  7. — (Septic  gastritis.    Seep.  231). 

Case  8. — This  was  a  case  of  pernicious  anaemia  in  which  the  origin 
of  the  illness  was  referred  to  exposure  to  sewer-gas.  The  teeth  were 
decayed,  and  there  were  sores  in  the  mouth.  Intense  gastrorrhcea  was 
present,  with  sickness  and  vomiting.  Microscopical  examination  of  the 
vomit  shewed  intense  septic  catarrh. 

Mode  of  Onset. — In  consultation  with  Dr.  Aldren  Turner,  I  saw  the 
patient,  a  man  aged  53  years,  on  April  21,  1899.  He  had  been  well  till 
June  1898  when  for  several  weeks  he  was  much  exposed  to  sewer-gas, 
during  his  occupation  as  a  builder.  It  appeared  that  close  to  the 
window  of  an  office  where  he  worked  there  was  a  cesspool,  the  smell 
from  which  was  so  bad,  that  it  often  made  him  sick.  He  had  lost  flesh, 
but  not  much.    By  October,  he  was  too  ill  to  work ;  and  was  noticed  to 
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be  very  pale ;  he  suflered  from  retching,  vomiting  and  pain  after  food. 
This  continued.  His  complaint  was  thought  to  be  cancer.  He  saw  a 
physician,  who  put  him  upon  a  milk  diet  for  a  week  or  ten  days,  and  then 
on  ordinary  diet ;  but  there  was  no  improvement.  When  the  patient  was 
seen  by  Dr.  Turner  on  April  1 1,  1899,  the  chief  symptoms  were  constant 
retching,  with  salivation  and  flow  of  watery  mucus  from  the  mouth,  and 
periodical  daily  vomiting  of  still  large  quantities.  The  red  corpuscles  in 
the  blood  numbered  1,600,000  (32  per  cent.);  haemoglobin  28  percent. 
No  malignant  disease  was  discoverable  in  the  stomach  or  in  the  rectum. 

Present  Condition. — On  April  21,  when  first  seen,  the  patient  was 
very  anaemic,  and  he  presented  a  marked  lemon-coloured  appearance. 
The  pulse  was  90,  and  the  temperature  remained  steadily  between  90° 
and  100°.    There  were  hsemic  murmurs. 

Blood. — The  red  corpuscles  numbered  1,290,000  (25  per  cent.)  with 
marked  poikilocytosis  ;  haemoglobin  24  per  cent.  There  were  constant 
salivation.,  and  expectoration  of  large  quantities  of  watery  mucus  (pints 
daily) ;  and  during  the  periodical  attacks  of  sichiess,  still  larger  quantities 
were  vomited.  The  stomach  was  dilated,  but  there  was  no  splashing. 
The  patient  suffered  from  no  pain ;  but  from  time  to  time  he  experienced 
a  feeling  of  great  discomfort  with  nausea,  which  was  relieved  by  voinit- 
ing  large  quantities  of  mucus,  after  which  he  felt  easier,  and  was  usually 
hungry.  Meat  disagreed  with  him,  and  gave  him  pain.  The  upper 
teeth  were  absent,  except  one  in  front,  which  was  dark,  decayed,  and 
loose  in  the  socket.  Several  molars  and  bicuspids  were  absent  in  the 
lower  jaw.  The  patient  had  worn  tooth-plates  for  the  last  two  years ; 
previously,  the  teeth  had  been  in  a  bad  condition.  When  the  illness 
began  in  June  1898,  he  had  some  sort  of  painful  sores  in  the  month 
under  the  tongue,  which  were  not  connected  with  the  teeth.  His  own 
description  was,  that  his  illness  seemed  somehow  or  other  connected 
with  this—"  it  seemed  to  spread  right  down  into  the  stomach  and  right 
through  him."    The  liver  and  spleen  diilness  was  normal. 

The  specimen  of  the  vomit,  which  I  obtained  for  microscopical 
examination,  was  fluid  with  rusty  flakes.  The  flakes  were  found  to 
consist  of  mucus,  with  inflammatory  exudation  (leucocytes  and  fibrin) 
catarrhal  cells  in  great  number,  the  whole  being  loaded  with  cocci,  both 
within  the  catarrhal  cells  and  in  zooglcea-like  masses.  No  yeast  fungi 
were  found  to  exist. 

A  diagnosis  of  pernicious  anaemia  with  subacute  infective  catarrh  of 
the  stomach  ('septic  catarrh')  was  made. 

The  treatment  consisted  of  the  administration  of  from  three  to  four 
pints  of  peptonized  milk  daily ;  liq.  bismuthi  sedativa  (Schacht)  with 
salicylic  acid  (three  grains)  thrice  daily;  mustard  leaves  over  the 
stomach  at  night;  and  two  grains  of  calomel  at  night. 

On  April  28,  Dr.  Turner  reported:  "Under  new  treatment  (com- 
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menced  on  Friday),  improvement  noticeable  on  Monday;  since  then 
steady  and  marked.  Amount  of  fluid  brought  up  much  diminished ;  no 
vomiting  since  Tuesday ;  patient  has  lost  the  sense  of  discomfort  about 
stomach,  he  has  had  for  months;  likes  the  milk.  Improvement  in 
colour  very  marked.  Blood:  red  corpuscles  1,600,000  (32  per  cent.); 
haemoglobin  40  per  cent." 

On  May  5  the  patient  was  again  seen  by  me.  There  was  very 
marked  improvement.  All  the  stomach  symptoms  had  gone ;  and  there 
was  no  further  expectoration  or  vomiting,  so  that  it  was  impossible  to 
get  any  stomach  material  for  another  examination.  Blood,  the  red 
corpuscles  numbered  2,200,000  (44  per  cent.);  haemoglobin  46  per 
cent.    The  patient  left  for  home  three  days  later. 

Subsequent  History. — The  subsequent  history  of  the  case,  for  which 
I  am  indebted  to  the  medical  attendant  (Mr.  R.  C.  Kirkby),  was  as 
follows :  "  The  vomiting  and  constipation  improved  steadily  after  he 
returned  home ;  but  the  blood  condition  fluctuated,  the  highest  count 
being  about  3,000,000  red  corpuscles.  He  developed  acute  epididymitis 
and  orchitis,  in  September,  while  I  was  away  for  my  holiday.  This  was 
followed  by  cystitis  and  albuminuria,  the  albumin  being  in  excess  of  the 
amount  attributable  to  pus.  CEdema  of  the  feet  and  legs  followed,  and 
congestion  of  the  bases  of  the  lungs.  The  urine  became  clearer  during 
the  administration  of  urotropine ;  but  the  patient  had  some  attacks  of 
syncope,  and  gradually  faded  out  on  December  3,  1899.  The  vomit- 
ing recurred  three  or  four  times  after  he  returned  home ;  but  the 
intervals  between  the  attacks  increased,  and  the  matter  vomited  latterly 
was  merely  bile-stained  milk.  Salivation  occurred  when  he  had 
stomatitis.  The  latter  was  always  a  bother.  The  mouth  was  always 
clammy  and  uncomfortable.  Diarrha'a  occurred  several  times  during 
the  illness,  the  bowels  being  opened  four  or  five  times  in  the  twenty- 
four  hours ;  but  usually  the  motions  were  formed,  sometimes  scybalous 
and  coated  with  mucus ;  occasionally  there  were  streaks  of  blood." 

Case  9  (1900).— A  lady  aged  55,  seen  14th  March  1900.  Ill  for 
a  year  :  profound  weakness  and  ansemia.  Blood,  red  corpuscles  930,000 
per  c.mm.  (18  per  cent);  extreme  poikilocytosis ;  numerous  red 
corpuscles  shewing  'oozing'  of  their  stroma,  more  marked  than  ever 
observed.  (See  Plate  I.)  Hcemoglobin  22  per  cent.  Intense  uro- 
bilinuria. 

History.— 1\\  for  a  year.  Began  about  Easter  1899,  great  pallor, 
yellow  tint,  thought  she  had  jaundice ;  sickness,  biliousness,  no  vomit- 
ing. For  about  a  fortnight  during  this  period,  great  soreness  of  tongue, 
necessitating  use  of  a  soothing  mouth  wash.  Went  to  the  seaside^'for 
two  weeks  ;  came  back  worse.  Confined  to  bed  from  May  till  August  • 
put  on  arsenic ;  recovered  sufficiently  to  go  to  Scotland  in  August  till 
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middle  of  October  (felt  so  well  she  stopped  taking  arsenic  while 
away) ;  she  came  back  much  better.  But  from  that  time  fell  off,  till 
February  1900,  when  she  was  able  to  be  out  for  the  last  time. 

March  14,  1900. — Now  confined  to  bed  ;  extreme  pallor ;  weakness  ; 
hffimic  murmurs ;  slight  oedema  of  feet ;  no  sickness  or  gastric  pain  ; 
slight  looseness  of  bowels,  especially  at  night. 

Mouth. — Breath  very  bad  ;  tongue  clean,  smooth  ;  teeth  very  bad, 
only  six  good  ones  remaining.  No  fewer  than  ten  small  rotten-looking 
stumps;  remainder  absent. 

A  week  later,  red  corpuscles  730,000  per  c.mm.  (14  per  cent.). 
Haemoglobin  15  per  cent.    Death,  April  6th. 

Case  10. — F.  C,  57,  builder  foreman  (sent  by  Dr.  Benjafield). 
Admitted  into  Charing  Cross  Hospital  24th  April  1900. 

Family  History. — Father  drowned  at  sea.  Mother  died  of  paralysis. 
He  is  the  youngest  of  eight  children.    One  sister  alive  and  well. 

Previous  Illnesses. — Congestion  of  lungs  twice.  Influenza  about 
twelve  years  ago.  No  other  illness.  No  history  of  specific  disease, 
malaria,  or  rheumatism. 

Personal  History. — Married  about  thirty  years.  Has  six  children 
alive  and  well  at  present  time ;  two  dead — one  aged  six  weeks,  the 
other  aged  sixteen  (pneumonia  and  peritonitis). 

He  has  been  in  building  trade  almost  all  his  life ;  has  worked 
pretty  hard  in  his  younger  days,  but  since  he  has  been  foreman  he  had 
more  mental  than  manual  labour. 

He  has  been  a  teetotaller  all  his  life,  never  indulged  in  excess  of  any 
kind,  and  has  led  a  cheerful  existence,  never  being  subject  to  attacks  of 
melancholy,  but  always  looking  on  the  bright  side  of  things. 

Present  Illness  began  about  four  years  ago  {i.e.  1896).  He  began 
to  feel  tired  and  to  lose  his  usual  energy,  especially  towards  the  latter 
part  of  the  day.  He  always  used  to  have  a  sinking  feeling  in  the  pit  of 
the  stomach  whenever  he  went  up  an  incline,  or  ascended  a  ladder. 
His  friends,  too,  noticed  that  he  was  gradually  getting  paler  and 
thinner. 

His  bowels  were  fairly  regular ;  no  attacks  of  pain  in  his  stomach ; 
no  sickness ;  no  attack  of  haemorrhage ;  breathless  on  exertion. 

For  the  first  three  weeks  or  so  of  his  illness  he  stayed  at  home 
quietly  by  the  doctor's  orders.  He  improved  considerably,  and  then 
commenced  work  again. 

Three  months  later  he  commenced  to  get  gradually  worse,  his 
breathing  more  difficult  on  walking,  the  sinking  feeling  in  pit  of  the 
stomach  worse  ;  became  somewhat  thinner. 

He  kept  at  his  work,  but  at  the  end  of  another  six  months  (1897), 
as  he  did  not  improve,  he  went  to  the  Isle  of  Wight  for  fourteen  days. 
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On  his  return  he  felt  sUghtly  worse  if  anything. 

August  1897.— About  a  month  later  he  went  to  Bartholomew's 
Hospital  and  saw  Dr.  Norman  Moore,  under  whose  treatment  he 
remained  for  twelve  months  (1898). 

During  this  period,  especially  during  the  latter  part  of  this  time, 
patient  had  several  attacks  of  sickness.  This  sickness  was,  as  a  rule, 
independent  of  food,  would  vary  in  amount  generally  about  half  a  pint, 
often  distinctly  yellowish. 

He  had  also  some  attacks  of  fainting. 

His  face  was  also  of  a  yellowish  colour  at  this  time.  There  was  no 
pain  in  stomach ;  and  his  bowels  were  pretty  regular. 

He  noticed  and  often  complained  of  palpitation  on  exertion, 
generally  accompanied  by  a  throbbing  in  the  head. 

One  interesting  fact  was  that  although  patient  often  used  to  get 
very  tired  after  his  day's  work  in  the  open  air,  he  used  to  feel  still 
more  so  after  his  rest  at  home  on  Sunday. 

He  discontinued  going  to  Dr.  Moore  somewhere  about  the  middle 
of  August  1898.  He  immediately  began  to  go  downhill  and  had  to 
give  up  work.  So  very  weary  that  he  had  great  difficulty  in  getting 
home, 

August  1898. — He  stayed  at  home  for  a  few  days,  then  tried  to  go 
up  to  town  again  to  see  Dr.  Moore,  but  had  an  attack  of  sickness  and 
fainted  on  the  way ;  and  another  attack  of  sickness  before  he  reached 
home. 

The  following  day,  so  weak  he  could  not  walk  upstairs,  but  had  to 
be  carried  up.  Next  day  tried  to  walk  down  but  fainted,  and  for  the 
following  three  days  he  lay  in  a  semi-conscious  state,  with  high 
temperature. 

After  four  to  five  days  the  temperature  fell  to  normal,  and  he  felt 
considerably  better,  although  he  was  confined  to  bed  for  six  weeks  and 
did  not  return  to  work  for  three  weeks  later. 

He  was  then  given  arsenic  and  iron,  and  improved  till  July  1899, 
when  he  felt  almost  quite  well  but  was  rather  thin. 

His  improvement  continued  till  Christmas  1899,  when  he  again 
got  weak. 

Sickness  commenced  about  three  weeks  ago,  average  once  or  twice 
a  week,  and  he  was  then  admitted  into  Charing  Cross  Hospital  April 
24,  1900, 

Teeth  and  Gums.— In  the  latter  part  of  1898  patient  first  became 
aware  of  the  condition  of  his  teeth.  For  some  years  previously  they  had 
been  gradually  decaying;  at  the  end  of  1898  he  noticed  that  the 
mcisors  and  canines  of  upper  jaw  were  gradually  becoming  loose  ;  there 
was,  however,  no  trouble  with  the  gums. 

Patient  saw  the  surgeon  dentist  at  Bartholomew's  Hospital,  who 
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removed  some  of  his  teeth ;  there  was  not  much  bleeding ;  since 
that  time  several  others  have  become  loose. 

He  has  neglected  the  care  of  his  teeth,  cleaning  them  occasionally 
at  intervals  of  a  month  or  longer. 

Two  years  ago,  after  having  several  decayed  teeth  removed,  he  had 
some  false  teeth  put  in.  These  he  removed  and  washed  every  night. 
He  gave  up  wearing  them  about  two  months  ago,  as  they  were  un- 
comfortable, and  difificult  to  put  in  and  take  out. 

Throaf. — In  February  1897  patient  had  a  sore  throat  with  con- 
siderable pain  on  swallowing,  and  the  pain  seemed  to  run  down  into 
the  stomach.  This  lasted  for  about  fourteen  to  twenty-one  days,  when 
it  disappeared.  Since  then  he  has  had  slight  attacks  of  sore  throat, 
and  these  have  continued  with  varying  intervals  up  to  the  present  time. 

Tongue. — It  was  in  August  1897  that  patient  first  went  to  see 
Dr.  Norman  Moore.  About  six  months  later  he  first  had  some  trouble 
with  his  tongue.  It  appeared  to  become  slightly  swollen,  and  especially 
around  the  edges ;  he  noticed  several  longish  patches  of  a  deep  red 
colour  which  were  extremely  tender.  There  were  a  few  patches  on 
the  dorsum,  but  these  were  less  numerous  and  less  painful  than  those 
on  the  edges.  The  tongue  was  very  tender,  and  became  specially 
irritated  by  warm  liquids.  The  tongue  got  well  in  about  a  week's  time. 
He  has  had  repeated  attacks  of  sore  tongue  since  then,  about  once 
every  two  or  three  weeks  up  till  the  last  nine  months,  since  which  the 
attacks  have  been  very  slight  and  separated  by  longer  intervals  (once 
every  two  months).  In  fact,  since  the  beginning  of  this  year,  he  has 
hardly  noticed  anything  wrong  with  his  tongue. 

In  the  first  attack  two  years  ago,  the  tongue  was  very  sore,  lasting 
three  or  four  days  at  a  time.  The  soreness  would  then  pass  off  with- 
out treatment,  and  the  tongue  would  remain  all  right  for  about  a  month, 
when  he  would  have  another  attack.  When  the  tongue  was  bad,  dark 
red,  almost  purple,  patches  appeared  on  it,  chiefly  around  the  edges ; 
very  painful  and  tender,  so  that  he  had  trouble  to  eat  anything. 

Stomach. — Patient  had  had  poor  digestion  for  the  last  four  years ;  a 
feeling  of  weight  in  his  epigastrium  after  meals  ;  and  also  about  half  an 
hour  to  an  hour  after  food  he  feels  hungry  though  not  inclined  to  eat  more. 

Two  years  ago  he  used  often  to  vomit  in  the  morning  soon  after 
getting  up,  before  he  had  eaten  his  breakfast.  At  times  he  vomited 
after  meals,  but  not  often. 

He  suffered  from  discpmfort  in  the  region  of  his  stomach,  not 
amounting  to  actual  pain. 

When  under  Dr.  Moore  he  had  several  attacks  of  sickness  and 
severe  fainting  fits. 

Within  the  last  month  he  has  had  several  attacks  of  sickness  in 
the  morning,  but  no  fainting  fits. 
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Intestinal.— VsXxeni  usually  more  or  less  constipated,  and  frequently 
takes  medicine,  but  during  the  last  two  years  he  has  had  occasional 
attacks  of  diarrhoea  ;  on  two  or  three  occasions  the  attack  lasted  for 
a  week,  but  generally  only  two  or  three  days. 

Present  State. 

April  25//^.— R.B.C.  1,030,000.  H.C.  40  per  cent.  Urobilin  in 
quantity. 

April  21th.— Examination  of  Patient.— ?dX\&x\\.  lies  in  bed,  com- 
plains of  no  pain,  looks  considerably  older  than  his  years.  Face  slightly 
pinched,  slightly  yellowish,  conjunctivee  have  yellowish  tinge.  The 
whole  of  the  body  is  stained  yellow,  the  colour  being  deeper  on  the 
trunk,  where  there  are  numerous  spots  more  deeply  pigmented. 

Thorax. — Slight  amount  of  emphysema. 

Heart. — Apex  beat  neither  visible  nor  palpable.  Heart  sounds 
are  regular,  but  a  murmur,  systolic  in  tune,  can  be  heard  at  the  apex. 
This  is  conducted  slightly  outwards.  The  pulmonary  second  sound 
is  accentuated.  A  murmur,  systolic  in  tune  (not  musical),  can  be  heard 
on  both  sides  of  the  neck,  and  over  both  aortic  and  pulmonary 
cartilages. 

Abdominal. — No  alteration  in  size  of  liver ;  spleen  cannot  be  felt ; 
but  dulness  can  be  made  out  over  the  splenic  area  extending  further 
forwards  towards  mid  line  than  normal. 

Uritie. — Acid,  1020.    Turbid,  clears  on  heating.    No  albumin. 

Condition  of  mouth  on  admission. — Tongue  slightly  red  at  the 
margin ;  slightly  enlarged,  with  a  few  transverse  cracks  on  the  dorsum. 
No  tenderness  complained  of ;  tongue  also  slightly  furred.  The  gums 
swollen  somewhat  and  projected  between  the  teeth  ;  they  were  red  and 
injected. 

The  Teeth. — All  in  a  very  bad  state  of  preservation,  discoloured 
and  covered  with  a  considerable  amount  of  sordes. 

Upper  jatv. — The  left  lateral  incisor  and  right  and  left  canine 
are  quite  loose;  the  other  incisors  have  been  extracted. 

In  the  lower  Jaw  all  the  incisors  and  both  canines  are  very  loose. 

Since  his  admission  into  hospital,  patient  has  used  an  antiseptic 
mouth  wash.  The  effects  have  been  very  marked.  The  redness  of  the 
tongue  at  the  margins  has  disappeared,  and  the  tongue  is  cleaner. 
The  condition  of  the  gums  has  much  improved;  they  are  cleaner,  less 
red  and  less  swollen. 

April  28M.— R.B.C.  1,170,000.  Leucocytes  5000  per  c.mm.  ; 
poikilocytosis. 

JUay  ist,  1900.— Last  night  eight  teeth  removed  (under  gas),  viz.,  2 
canines,  4  incisors,  2  back  molars  (carious).  P.  78;  97°-2.  Urine 
much  paler  than  on  admission,  deposit  of  urates,  looks  natural. 
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May  2  fid. — Lemon  colour  more  marked.  Slight  feeling  of  sickness 
early  this  morning.  P.  84;  T.  (morn.)  98° '4;  (even.)  99*2.  Last  two 
days,  T.  99°"2  ;  lemon  colour  more;  urine  more  normal  in  colour. 

May  ^rd. — P.  78;  T.  97°"8.  Urine  36  02s.;  very  slight  deposit 
(triple  and  feathery  phosphates) ;  S.G.  1016.  Distinctly  darker  in 
colour ;  heavy  white  deposit  of  triple  and  feathery  phosphates ;  several 
small  cast-like  masses  of  yellowish  pigments.    No  nausea. 

Blood. — R.B.C.  1,100,000.    H.C.  25  per  cent.    W.B.C.  very  few. 

May  \th. — Urine  S.G.  10 18 — heavy  deposit.  No  albumin.  Rosy 
pink  colour  with  HNO3.  No  sickness  ;  feels  weak.  P.  84.  Tempera- 
ture normal. 

May  1th. — Evening  of  4th;  T.  100°;  5th,  100°;  6th,  99°'4;  this 
morning  98°'4.  Has  not  seemed  to  feel  rise  of  temperature.  Eats 
well,  sleeps.  P.  96;  regular.  Bowels  regular.  Urine  1015;  colour 
of  sherry ;  very  clear ;  no  deposit  of  urates ;  slight  cloud  of  mucus. 
Wants  to  get  up. 

May  ^th. — Up  yesterday  for  an  hour.  8  p.m. — 10  c.c.  of  Jennerian 
Institute  antistreptococcic  serum  injected.  T.  (evening)  98°"8,  slept 
well.    This  morning  P.  90,  T.  98°"4;  E.  ioo°"6.     No  urobilin. 

May  ^th. — Urine  1013 — natural  colour.  P.  84,  T.  (morn.)  99°; 
(even.)  99°'2.  2nd  serum  injection  8  p.m.  R.B.C.  1,260,000.  H.C. 
34  per  cent. 

May  xoth. — T.  this  morning  98°"4;  P.  84.  Did  not  sleep  so  well. 
No  headache  or  sickness.  Urine  light  sherry ;  clear  ;  floating  deposit ; 
S.G.  1015. 

May  wth. — Urine  pale,  1013,  and  yet  urobihn  considerably  in- 
creased.   3rd  injection  of  serum  in  the  evening. 

May  \2th. — P.  84.  Temperature  last  night,  99°'2  ;  this  morning, 
98°'8.    Urine  1017. 

May  i^th. — T.  this  morning  rose  to  103°.  Now  (10  a.m.)  it  is  ioi°-8. 

Sickness  about  5  this  morning.  Vomit,  greenish  in  colour,  watery, 
with  mucus  flakes.  No  food,  mixed  with  it  microscopically,  numer- 
ous streptococci.  P.  108.  Feels  a  heavy  dull  headache  across  eyes. 
Urine  1016;  pale — not  high  coloured. 

Blood  rouleaux  formation — marked  increase  of  leucocytes.  R.B.C. 
1,210,000.    H.C.  30  per  cent.    W.B.C.  10,000  per  c.mm. 

May  \^th. — No  sickness  since  last  night.  P.  102— soft.  T.  last 
night — io2°*6.  This  morning  99°.  Feels  better  ;  slight  headaches  still. 
More  lemon  colour — urine  deposits  urates. 

May  i6th. — Urine  1017.    Sickness  over.    P.  102. 

May  \ith. — No  sickness.  Slight  erythematous,  urticarial-like  rash 
over  front  of  abdomen  and  flanks,  causing  discomfort  during  night — 
still  persisting  this  morning.  Urine  10 16— as  before.  P.  108.  No 
sickness.    Taking  peptonised  and  ordinary  milk. 
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May  i9>th.— Examination  of  chest— V.\ionch\  can  be  heard  over 
whole  of  chest  in  front.  Resonance  not  impaired.  Behind— some 
impairment  of  resonance  in  both  bases,  over  which  area,  moist  rales 
are  heard.  Breath  sounds  weak  on  right  side.  R.B.C.  800,000. 
W.B.C.  2500. 

May  25/^— P.  96.     Poikilocytosis   marked.     Urine  not  high- 
coloured.    Urobilinuria,  1015. 
May  27///.  — [Clinical  Lecture.] 

May  29//^.— P.  96.  Liq.  arsenicalis,  \\2>  J  liQ-  hydrarg.  perchlor.  W\_  30 
ter  die. 

/tme  1st— R.B.C.  1,260,000.    H.G.  22  per  cent.     W.B.C.  10,000. 

June  5M.— P.  84.  No  sickness.  Eats  well ;  5  pints  milk,  plus  biscuits. 

Z«;;^^^.— Right  lung  clear  to  base.  Left  lung,  slight  dulnessat  base ; 
sounds  weak.  Weight  now  9  st.  4  lbs. ;  former  weight,  8  st.  13  lbs. 
Urine  clear,  natural. 

yune  ']th. — P.  84,  as  before. 

Lungs. — Right  lung  clear  to  base.  Left,  slight  dulness,  with  crepita- 
tions at  extreme  base. 

Blood. — Much  better  colour.  Urine,  pale;  urobilin -f- -f- .  R.B.C. 
1,340,000.    H.G.  30  per  cent. 

Jutie  I  \th. — Feeling  much  better ;  takes  food  ;  enjoys  meals  ;  appetite 
good.  For  first  time  since  admission  slight  tenderness  on  right  side  of 
tongue,  a  small  red  point  size  of  a  pin's  head  on  side  of  tongue.  Pulse 
84  \  better  strength. 

June  iT,th. — T.  last  night  rose  to  I oo°-8.  P.  90.  Feels  well.  Urine 
paler  than  usual.    Tongue  sore  on  edge;  brushed  with  1*20  carbolic. 

June  i^ih. — T.  last  night  98°"8;  this  morning  98°.  P.  84,  good. 
Appetite  good.  Feels  better,  but  looks  pale  and  sallow.  Tongue 
yesterday  and  to-day  painted  with  i'2o  carbolic.  No  tenderness  in  it 
now.    Looks  somewhat  red,  smooth. 

Blood, — 1,350,000.    H.G.  35  per  cent. 

June  20th. — Tongue  still  generally  red,  with  whitish  areas  at  edges  ; 
still  a  little  sore.    P.  84,  good  strength.    Appetite  good.    Getting  up. 

Red  Corpuscles. — 1,372,000  (50  sqs.  counted).  Haemoglobin,  40  per 
cent.  (A.  G.  Pitts). 

June  23rd?.— Up  and  about  last  two  days,  from  6  a.m.  to  6  p.m.; 
feeling  very  well ;  can  move  about  without  weariness ;  appetite  good. 
To  go  out.  Tongue  lost  once  more  its  red  colour,  but  on  right  side  a 
number  of  minute  (pin-head)  angry  red  spots.  1-20  carbolic  rubbed  in 
as  before.  Urine  1015;  normal  colour.  T.,  morning,  normal  or  sub- 
normal; night,  98°*6,  98°'8,  99°. 

June  2Tth. — Red  Corpuscles  1,563,000  (average  of  50  squares). 

Hcemoglobin  42  per  cent. 

fufie  28//?.— Last  two  days  water  very  clear ;  paler  than  at  any  time, 
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yet  quantity  increased.  Thus  30  ozs.  and  60  ozs.  last  two  nights. 
Tongue  still  reddish.    Urine  loio  ;  no  urobilin  at  all. 

June  2<^th. — Red,  1,420,000.  H.B.  35  per  cent.  Going  about 
feeling  very  well.  T.  normal ;  appetite  good ;  urine  very  pale,  more  so 
than  at  any  time,  and  increased  in  quantity. 

Jime  loth. — Went  out  to  go  to  Isle  of  Wight ;  improved.  For  the 
last  ten  days  has  been  moving  about  freely,  going  up  and  down  stairs, 
walking  in  the  parks  ;  all  without  any  sense  of  fatigue  or  breathlessness. 
Yet  his  blood  contains  only  28  per  cent,  of  corpuscles  and  35  per  cent, 
of  haemoglobin. 

This  compares  with  20  per  cent,  of  corpuscles  and  40  per  cent,  of 
haemoglobin  when  admitted.  He  feels  a  totally  different  man,  better,  he 
says,  than  for  some  years ;  yet  his  actual  ancemia  is  little  if  at  all 
improved. 

Subsequent  History. — Was  at  the  seaside  for  six  weeks  ;  continued 
to  improve  for  first  month;  weight  reached  10  St.,  then  suddenly 
went  back;  increase  of  weakness;  no  sickness.  Re-admitted  17th 
August  1900;  colour  very  lemon-tinted;  complains  of  discomfort 
about  the  stomach,  without  actual  sickness ;  bowels  regular ;  systolic 
bruits  in  heart;  T.  99°"2  ;  tongue  rather  red;  smooth  in  parts,  not 
furred;  cough  troublesome  (moist  sounds  base  of  left  lung). 

Blood. — Red  corpuscles  1,230,000  (24  per  cent.);  haemoglobin  34 
per  cent.  For  next  ten  days  he  had  very  considerable  and  irregular 
temperature  (see  Chart),  with  repeated  attacks  of  sickness,  the  vomit, 
when  free  from  food,  being  extremely  mucoid.  Very  marked  lemon 
colour,  and  high  colour  of  urine.    ("  Toxaemic  attack.") 

On  28M  August,  and  again,  30th  August,  he  received  an  injection  of 
5  c.c.  of  antistreptococcic  serum  (Jenner  Institute) ;  and  again  on  3rd 
September  1900.  (See  Chart  for  temperature  subsequently.)  Improve- 
ment. 

On  6th  September,  blood  shewed  corpuscles  1,480,000  per  c.mm.  (29 
per  cent.),  and  hasmoglobin  35  per  cent.,  and  the  urine  was  paler  than 
at  any  time  since  readmission ;  pulse  84,  good.  He  was  allowed  to  get 
up  the  following  day,  and  on  following  days.  On  the  14th  the  blood 
shewed  1,140,000  (28  per  cent.),  and  hemoglobin  30  per  cent.  Pulse 
96.    Urine  still  pale. 

O/i  \()th. — Pulse  96.  Sickness,  with  empty  hungry  feeling  before 
food  ;  flatulent  distension  after  food  ;  bruits  in  heart  very  loud  ;  crepita- 
tions at  both  bases  (hypostatic  congestion) ;  urine  of  slightly  darker 
colour.    Temperature  risen. 

On  2\st. — More  lemon  tint;  sickness;  fever;  soreness  over 
stomach ;  colour  of  urine  much  higher ;  bowels  slightly  loose ;  drowsi- 
ness.   ("  Toxgemic  attack.")    Patient  looks  very  ill. 
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On  27M. — Sickness  less  ;  urine  paler. 

29//^.— Sickness  three  times;  went  home  2nd  October;  died  loth 
October. 

Post-mortem. — 12th  October  1900,  fifty-six  hours  later. 

Post-mortem  lividity  marked  over  chest  and  abdominal  wall. 

/T^ar/.— Slight  hydropericardium ;  cavities  empty;  muscles  extra- 
ordinarily flabby  and  fatty,  marked  tabby-cat  striation ;  muscle  substance 
pale,  and  looks  greasy  throughout ;  slight  atheroma  of  coronary  arteries. 
Microscopically,  extreme  fatty  degeneration. 

Lungs. — Moderate  hydrothorax ;  lungs  healthy ;  slight  emphysema ; 
oedcmatous. 

Liver. — Surface  in  contact  with  intestine  blackened ;  fatty ;  blacken- 
ing also  of  periphery  of  those  lobules  situated  near  large  veins ; 
fatty. 

Kidneys. — Also  blackened  on  surface ;  on  section  pale. 
Spleen. — ^Veighs  8  ozs. ;  soft,  red ;  resembling  in  appearance  a 
febrile  spleen. 

Stomach. — Shews  slight  post-mortem  change  at  cardiac  end ;  walls 
very  thin ;  mucosa  over  greater  part  exceedingly  thin  and  atrophied- 
looking. 

Duodenum. — Nothing  obviously  abnormal. 

Small  Lntestine. — Slight  catarrh  lower  end  close  to  ilio-cascal  valve. 
Colon. — Nothing  obviously  abnormal. 
Rectum. — Nothing  obviously  abnormal. 

Analyses  of  Organs  for  Lron. 

Liver. — 0*363. 
Spleen. — o"i4i. 
Kidney . — o "  1 3  3 . 

Case  ii.— Charing  Cross  Hospital— Name  of  patient,  A.  L.  ;  age, 
37 ;  occupation,  traveller ;  admission,  July  4th,  1900,  under  Dr.  Mitchell 
Bruce,  by  whom  he  was  placed  under  my  care. 

Complaint  on  Admission.— Gxesit  weakness,  breathlessness,  and 
palpitation." 

Duration. — About  two  years. 

Family  Histor)>.~Ya.lhex  died  at  37  from  the  effects  of  a  ''stroke 
of  lightning.''  Mother  alive  and  well,  63  years  old.  Two  brothers 
alive  and  well.  Three  sisters  also  alive  and  well.  One  sister  died  of 
cancer  of  breast  at  36  years  of  age.  Nothing  else  of  importance  in 
family  history. 

Past  Personal  History. ~-{a)  Twenty  years  ago  the  patient,  while 
killing  pigs  condemned  for  swine  fever,  was  inoculated  by  a  wound  in 
the  finger.    He  was  very  ill  for  a  few  days,  with  high  temperature, 
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urticarist-like  rash  on  body  surface,  great  swelling,  etc.,  but  eventually 
recovered  completely.  {I?)  He  had  typhoid  fever  while  a  child.  Recovery 
complete,  {c)  Four  years  ago  he  suffered  from  three  accidents  all  within 
a  short  space  of  time,  viz.: — (i)  Head  injury  caused  by  falling  out  of  a 
trap  ;  (2)  Kick  from  a  horse  over  the  left  eye  ;  (3)  Kick  from  a  horse  over 
the  spleen.  He  seems  to  have  recovered  almost  completely  from  all 
these  injuries,  the  only  indications  nowadays  being  occasional  sensations 
of  numbness  in  the  regions  of  the  first  two  injuries,  and  a  certain 
tendency  or  liability  to  headaches  upon  slight  provocation,  such  as  an 
unusual  amount  of  brain  work  (calculations,  etc.),  excitement  or  irritation  ; 
and,  again,  he  is  liable  to  giddiness  on  stooping  down  for  any  length  of 
time,  {d)  He  has  also  suffered  from  influenza  twice,  the  first  occasions 
being  three  years  ago,  when  his  principal  symptoms  were  "  head,"  and 
again  six  months  ago,  when  they  were  again  most  prominent,  and  after 
which  his  present  condition  became  much  more  aggravated. 

Habits  and  getieral  surroundings  always  seem  to  have  been 
excellent.  He  describes  himself  as  being  a  very  "  careful  living  man," 
particular  about  his  food,  health,  and  general  comforts.  He  always 
appears  to  have  been  in  a  position  to  gratify  these  desires.  He  has 
passed  through  several  grades  of  occupation  :  (i)  He  began  hfe  on  his 
father's  farm  in  Bedfordshire;  then  became  (2)  butcher  at  Kilburn 
for  three  years ;  (3)  charge  of  stables  at  Bon  Marche  for  twelve  years ; 
(4)  bought  a  public  laundry  for  himself  at  Willesden,  and  kept  this 
going  well  until  April  of  this  year,  when  he  gave  it  up,  owing  to  the 
great  decline  in  his  general  health  and  consequent  inability,  through 
weakness,  to  give  that  care  and  attention  to  his  business  which  was 
essential  for  its  success.  Latterly  he  has  had  a  very  easy  and  profitable 
occupation  as  a  traveller  for  a  brewery  in  Kilburn,  which  gives  him 
very  little  anxiety  and  exertion,  but  even  this  he  has  recently  been 
compelled  to  give  up. 

Height  5  ft.  6  in.     Weight,  9  st.  7  lbs. 

Present  Illness  began  two  years  ago,  when  the  patient  noticed  his 
appetite  was  poor,  weight  coming  down  ;  colour,  which  had  always  been 
red,  disappearing  and  becoming  yellowish  at  times,  and  what  was  most 
prominent  of  all,  an  almost  constant  pain  in  the  stomach  and  side  (over 
spleen),  and  periodically  acute  attacks  of  severe  pains  in  the  ?nouth  and 
stomach.  On  investigation  still  futher  into  these  curious  periodical 
attacks  of  pain  which  he  complained  of,  it  was  ascertained  that  at  this 
time  (two  years  ago)  he  was  greatly  troubled  by  what  he  describes  as  a 
sore  mouth.  It  began  by  pain  and  swelling  of  the  gums,  then  the  teeth 
became  sharp  edged  in  feeling,  so  that  they  tasted  like  "  china "  in  his 
mouth,  and  seemed  as  if  they  would  at  any  moment  cut  his  tongue  to 
pieces.  In  twenty-four  hours  after  this  the  tongue  itself  would  become 
almost  unbearably  sore,  and  on  inspection  patient  noticed  big  red  patches 
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on  the  dorsum  and  edges.  In  endeavouring  to  describe  the  sensation  of 
this  sore  mouth,  he  said  :  "  The  tongue  felt  as  if  it  had  no  covering,  as  if 
it  was  quite  raw,  so  that  when  I  put  a  piece  of  bread  in  my  mouth  at 
meals,  it  felt  like  sandpaper."  It  never  seems  to  have  bled  ;  and  it  is 
interesting  to  notice  that  when  the  attack,  which  usually  lasted  two  or 
three  days,  was  over,  the  patient  could  eat  beef-steak  or  any  other  food. 
During  the  attack,  his  food  consisted  of  milk  and  bread  sop.  The 
attacks  came  on  almost  every  three  weeks,  and  were  followed,  and 
accompanied,  by  gastric  symptoms  which  will  be  referred  to  later. 

This  state  of  matters  continued  until  about  Xmas  '99,  when  patient 
had  three  very  bad  teeth  extracted ;  and  he  is  certain  that  from  that 
date  the  mouth  condition  diminished  very  considerably  in  severity. 
He  has  had  mild  complaints  since;  but  the  complaint  which  has  been 
most  prominent  since  that  time  has  been  the  gastric  pains.  He  has 
constantly  suffered  during  the  last  twelve  to  eighteen  months  from 
a  gripping,  vice-like  pain  in  the  region  of  the  epigastrium,  always  more 
marked  at  times,  e.g.  after  a  mouth  attack,  when  he  had  worked  hard  and 
exhausted  himself,  or  when  annoyed  or  irritated  by  anything.  His 
appetite  was  very  variable,  depending  to  a  great  extent  upon  the  condi- 
tion of  his  mouth,  but  always  improved  after  the  mouth  trouble  was  over 
for  a  time  (interval  between  two  attacks).  He  has  always  had  recently  a 
tendency  to  nausea  \  which  became  aggravated  in  its  severity,  when 
anything  unpleasant  or  distasteful  to  sight,  smell,  or  taste  was  present. 
He  was  never  actually  sick,  except  after  taking  some  medicine  which 
he  had  had  during  an  intermittent  illness  (influenza).  Nausea  and  retching 
were  often  present ;  and  the  latter  was  particularly  severe  if  the  stomach 
was  empty. 

During  the  last  twelve  months  the  patient  has  felt  himself  grow 
perceptibly  weaker,  and  incapable  of  hard  work. 

Breathiessness,  palpitation,  and  giddiness  have  gradually  forced 
themselves  upon  him ;  and  now  he  can  distinctly  recollect  how  he  has 
noticed  the  gradual  onset  of  the  lemon  yellow  colour  of  skin  all  over  the 
body,  but  states  that  it  has  constantly  varied  in  intensity.  The  most 
marked  features  of  late  have  been  the  great  weakness,  together  with  the 
nausea,  etc.,  referred  to  above  ;  and  in  addition,  pains  shootifig  down  the 
litnbs,  numbness,  tingling  in  the  shins,  acute  pains  in  the  clavicular 
regions  at  times  which  almost  arrested  breathing.  The  patient  has 
been  treated  all  along  for  chronic  catarrh  of  the  stomach,  and  his  mouth 
has  been  relieved  by  borax,  glycerine,  and  chlorate  of  potash  lozenges. 
His  diet  was  never  the  subject  of  special  comment;  he  generally 
took  what  he  thought  would  suit  him.  He  came  to  Charing  Cross 
Hospital  on  June  29th  for  examination ;  and  after  hearing  the  history 
and  examining  the  blood,  the  case  was  diagnosed  as  "Pernicious 
Anaemia,"  and  was  recommended  to  come  in  as  soon  as  possible  for 
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treatment.  At  the  time  of  examination  on  June  29th  the  physical 
conditions  observed  in  the  blood  were  shortly  : — The  red  blood  cor- 
puscles were  markedly  altered  in  size  and  shape,  showing  poikilocytosis  ; 
numerous  nucleated  R.B.C.  were  present.  Haemoglobin  35  per  cent., 
and  R.B.C.  1,500,000  per  c.mm.  (30  per  cent.). 

Condition  on  Admission. — The  patient  came  into  the  Hospital  on 
July  4th,  and  on  examination — (1)  Alimentary  System. — Teeth — Two 
incisors,  lower  jaw,  exposed  and  covered  with  tartar  at  their  necks ;  gums 
receding,  inflamed.  They  have  been  in  this  condition  for  ten  years, 
and  have  bothered  him.  Upper  Jaw :  Right  Side. — Bicuspids  and  two 
molars  absent,  Wisdom  tooth  remains.  Shews  carious  cavity,  and  gum 
around  slightly  swollen  and  inflamed.  Left  Side. — Canine  represented 
by  a  necrotic  root.  Loiver  Jaiv. — Back  tooth,  left  side,  represented 
by  a  rotten  root,  other  teeth  sound.  Tongue  normal,  gums  somewhat 
anaemic  ;  otherwise  normal.  The  stomach  was  slightly  enlarged,  but  the 
only  sign  of  importance  was  the  localized  severe  pains  over  the  epigas- 
trium. Patient  could  not  bear  the  least  pressure  here.  The  Liver  was 
quite  normal.  Spleefi  slightly  enlarged.  Bowels  somewhat  loose,  and 
faeces  paler  than  normal. 

(2)  Circulatory  System. — LLeart  slightly  enlarged  in  its  transverse 
diameter.  Over  pulmonary  and  mitral  areas,  systolic  murmurs,  soft  and 
low  in  character, 

(3)  Respiratory  System,  with  the  exception  of  the  breathlessness, 
normal. 

(4)  Nervous  Syste??i. — Complains  of  tingling  and  numbness,  shooting 
pains,  etc.,  as  described  above. 

(5)  Urinary  System. — Urine  dark  brown  in  colour;  large  quantity  of 
urates  appeared  in  urine  on  the  ist  and  2nd  days  succeeding  injections. 


(6).  Blood 

R.B.C. 

H.B. 

June 

29th 

1,500,000  (30  per  cent.) 

35  per  cent. 

W.H. 

July 

7  th 

1,350,000(27 

) 

Ist  Inject. 

} ) 

9th 

(10  c.c.) 

) ) 

1 2th 

1,580,000(31  ,, 

) 

35  per  cent. 

2nd  Inject. 

3 ) 

13th 

(10  c.c.) 

J ) 

16th 

1,800,000(36  ,, 

) 

> ) 

20th 

2,530,000(50  ,, 

) 

) » 

23rd 

2,635,000(52  ,, 

) 

50  per  cent. 

)  » 

31st 

2,845,000(56  ,, 

) 

Aug. 

ist 

2,390,000(65  ,, 

) 

75  per  cent. 

W.H. 

3rcl  Inject. 

>  > 

2nd 

W. B.C.  17,000  per 

cum. 

(5.  c.c.) 

7th 

2,750,000  (55  per  cent.) 

70  per  cent. 

W.H. 

1) 

loth 

2,360,000  (47  „ 

) 

72  per  cent. 

W.H. 

R.B.C.  normal;  no  poikilocytosis. 

Treatment. — Patient  was  put  upon  milk  diet,  an  antiseptic  mouth 
wash,  liq.  hydrarg.  perchlorid.,  Ill^xxx,  thrice  daily  as  an  intestinal  anti- 
septic ;  with  carbonate  of  ammonia  (gr.,  3),  and  tincture  of  digitalis 
H\  v  as  a  stimulant. 
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Daily  notes  of  case  : — 

July  6//z.— Patient  had  an  attack  of  sickness  yesterday,  preceded  by 
much  pain  in  the  usual  situation,  at  4  p.m.,  about  quarter  hour  after 
taking  medicine  (vomit  biUous  in  character,  according  to  patient); 
after  which  he  was  all  right  and  had  a  good  night's  rest.  This  morning 
he  feels  very  sore  in  the  stomach,  and  legs  ache  very  much  from  knee 
to  ground.  The  tongue  has  a  prickly  feeling  which  makes  it  feel  "as 
if  it  were  clinging  to  roof  of  mouth."  On  examination,  nothing  is  made 
out  except  a  small  red  patch  in  the  middle  line  almost  at  position  of 
hard  and  soft  palate ;  patient  puts  his  fingers  on  it  and  says  it  is  "  raiv" 

Blood. — Examination  on  July  6th.  Great  difficulty  was  experienced 
this  morning  in  getting  away  blood  at  all  for  examination.  On  punctur- 
ing the  fingers,  scarcely  a  drop  came  away ;  and  it  was  only  on  pressure 
to  the  part,  and  allowing  hand  to  hang  before  puncture,  that  any  was 
forthcoming. 

July  "jth. — Blood  examination  this  morning  showed  red  corpuscles 
i>350)Ooo  (27  percent.),  with  distinct  poikilocytosis,  and  many  nucleated 
reds  were  seen.  Pain  in  the  side  (spleen)  and  stomach,  continue  as 
before.    Feet  very  cold  ;  mouth  distinctly  better  ;  no  sign  of  irritation. 

July  2>t/i. — Better  this  morning ;  pain  in  stomach  and  side  easier 
but  still  present  in  Hmbs ;  mouth  quite  easy ;  wash  has  improved  it. 

July  ()th. — Patient  feels  unwell  this  morning ;  complains  of  pain 
in  limbs  (usual  situation),  stomach,  and  heart— described  as  a  "  feeling 
of  wind  with  pains  like  pressure  " ;  the  mouth  is  causing  some  trouble 
by  pains  around  the  first  premolar  on  left  side ;  the  local  signs  of  con- 
dition are  nil.  The  stomach  is  dilated  slightly.  Temperature  99° '4. 
First  injection  of  antistreptococcic  serum  made,  10  c.c,  at  6  p.m. 

July  \oth. — Patient  feels  tired  and  worn  out  this  morning;  has 
passed  a  sleepless  night.  Temperature  99°.  Pains  are  complained  of 
all  over  body,  particularly  over  right  side,  and  stomach  and  legs.  He 
looks  flushed.  Pulse  98.  Mouth  "  dry  taste " —  nothing  obvious  on 
examination. 

July  wth. — Patient  feels  distinctly  unwell  to-day.  Temperature 
ioi°-6  ;  complains  of  pains  in  right  side  of  stomach  (hot  burning),  and 
slightly  on  left  side.    Pulse  120.    Headache  severe. 

July  \2th. — Temperature  io2°-6 ;  pulse  120.  Although  tempera- 
ture and  pulse  are  still  high,  the  patient  does  not  feel  anything  like  as 
unwell  to-day  as  yesterday.  The  principal  complaint  is  headache,  felt 
principally  at  vertex  ;  pains  in  stomach  and  side  as  before ;  complains 
also  of  flatulence  and  retching,  although  food  is  still  peptonized ; 
mouth  is  very  dry  (lemon  drink  given);  great  thirst.  Legs  remain 
the  same,  and  arms  also  ache  badly.  Throbbing  pains,  lightning  like. 
Blood  examination,  corpuscles  1,580,000  (31  per  cent.).  Hemoglobin 
53  per  cent. 
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July  \ith. — Temperature  99°;  pulse  100.  Patient  feels  more 
himself  to-day.  Headache  has  passed  to  occiput,  and  is  not  so  severe. 
The  pain  in  stomach,  side,  and  limbs  is  better.  Motions  are  liquid. 
Mouth  better. 

July  14//?. — Injection  of  serum  last  night  at  8  p.m.  Rigor  for 
quarter  hour  at  i  a.m.;  sleepless  and  restless  night.  Feels  better  this 
morning — very  little  pain  complained  of.  The  rigor  started  in  left 
shoulder,  and  passed  down  whole  left  side.    Right  side  unaffected. 

July  i^th. — Temperature  ioo°"2.  Complains  of  severe  pains  in  head. 
Otherwise  as  before ;  slept  well ;  appetite  good. 

July  \6th. — Temperature  ioo°"8;  pulse  96.  Blood  1,800,000  (36 
per  cent.).  Haemoglobin  not  estimated.  Great  difficulty  experienced 
in  getting  blood  for  ordinary  numerical  estimation.  Pains  and 
discomfort  are  complained  of.  Motions  are  more  solid  ;  liq.  hydrarg. 
perchlor.  is  reduced. 

July  i7//z. — Temperature  99°"2;  pulse  88.  Headache  not  so  violent, 
but  with  sharp  pains ;  soreness  on  left  side  from  point  of  last  injection 
down  left  groin  and  leg.  Mouth  and  tongue  not  sore  to-day.  Patient 
has  difficulty  of  passing  water  lying  on  his  back. 

July  20th. — Patient  feels  much  better.  His  head  feels  better,  but 
complains  of  sweating  on  his  head.  Soreness  in  side  is  better,  and  no 
difficulty  in  passing  water.  Temperature  (10  a.m.)  98°*4;  pulse  76. 
Corpuscles  2,530,000  (50  per  cent.). 

July  2 1st. — Patient  describes  himself  as  better  altogether.  (Have  not 
seen  him  since  Monday.) 

July  2T,rd. — Blood  count,  2,635,000  (52  per  cent.).  Blood  flowing 
much  more  easily  than  formerly.  The  corpuscles  were  noticed  to  be 
more  even  in  shape,  approaching  more  nearly  the  normal  cells. 
Haemoglobin  obviously  more  abundant,  but  not  estimated.  Patient 
describes  himself  as  improving.    Sleeps  well.    Temperature  normal. 

July  2^th. — Patient  improving  daily.  Yesterday  food  changed  ;  more 
solid  nature ;  fish,  etc.  Patient  relishes  the  change.  All  aches,  pains, 
etc.,  have  disappeared  of  late. 

July  31^/. — Patient  has  not  felt  so  well  since  Saturday,  28th.  Com- 
plains of  pains  in  head,  feeling  of  thickness  or  dulness.  Stiffness  in 
shoulders  and  neck,  soreness  under  ribs.  Some  palpitation  on  move- 
ment. Skin  all  over  body  is  clearer.  There  is  a  certain  amount  of 
rawness  in  the  perineal  region — an  old  complaint  which  patient  suffers 
from  periodically. 

Blood  count,  2,845,000  (56  per  cent.). 

August  1st. — Blood  (W.H.).  R.B.C.  3,290,000;  65  per  cent. 
W.B.C.  17,000.    Haemoglobin  75  per  cent. 

August  2nd,  1 1  a.m. — Last  night  5  c.c.  serum  injected.  Afterwards 
no  sleep  until  4  a.m.,  when  he  had  an  hour's  sleep.    (Trional  grs.  20 
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given,  before  lo  grs.  with  no  effect)— slept  again  this  morning— appetite 
fairly  good— complains  chiefly  of  pain  in  the  left  side,  near  seat  of  in- 
jection, and  passing  into  flank— looks  flushed.  Temperature  practically 
normal  (98°-6).    Pulse  120.    Headache  improved. 

3.30  p.m.— Patient  feels  much  better  this  afternoon. 

August  ird. — Temperature  99°  this  morning— slight  reaction  has  set 
in  after  the  injection  on  the  ist.  Pulse  120.  Patient  feels  better  to- 
day. 

August  \th. — Pulse  120.  Temperature  last  night  rose  to  99  "8°.  Now 
99°,  slept  well.  Troubled  with  headache.  Complains  of  flatulence 
after  food. 

Locally,  still  some  brawny  oedema  left  flank  close  to  site  of  injection. 

Urine. — High  colour,  heavy  deposit  of  red  urates. 

August  1th. — Feeling  better — up  each  day  from  12  to  6  p.m. 
Pulse  84.  Looking  well.  Urine  normal  in  colour.  Much  lighter  than 
any  time  since  admission.  Blood  2,750,000.  Haemoglobin  70  per 
cent.    Slight  looseness  of  bowels  to-day  (twice)  (55  per  cent.). 

August  8th. — Two  lower  incisors,  formerly  described,  edges  red 
and  inflamed,  and  covered  with  pus.  Swabbed  out  with  1-20  carbolic 
acid.  Edges  bleed  freely.  Tartar  removed.  Gums  to  be  swabbed 
daily  with  1-20. 

Slight  desquamation  of  skin  over  face.  No  local  tenderness  over 
abdomen. 

Pulse  78.    Temperature  97° '8. 

Urine. — Straw  colour.    Sp.G.  ioi8.    No  albumen. 

August  \oth. — Blood  examined.  Corpuscles  3,360,000  (67  per 
cent.).     Haemoglobin  72  per  cent. 

Corpuscles  normal  in  appearance.      Feeling  very  well. 

August  i^th. — Three  teeth  drawn.  Back  wisdom  upper  jaw;  lower 
jaw  left  wisdom ;  upper  canine.  Loiver  iticisors. — Gums  previously 
receded,  now  grown  up  around  tooth  and  looking  healthy.  They  have 
not  been  right,  he  says,  for  10  years. 

August  idth.—VdXiQxA  goes  out  to-day.  Pulse  84.  Appetite  good. 
Temperature  99°.    Urine  darker,  1025.    No  albumen.    No  indican. 

Sep.  26th,  1900. — Returned.  Looking  stout.  He  has  put  on  7lbs. 
in  weight.  Weight  is  now  10  stone.  Good  colour.  Complains  still  of 
numbness  and  dead  feeling  of  finger-ends.    Mouth  and  teeth  very  clean. 

Blood.~^e6.  corpuscles  3,200,000  (64  per  cent.).  Hemoglobin 
80  per  cent. 

Treatment  since  he  went  out  has  been  :  Mouth  wash.  Mercury  as 
before,  and  3i  of  Fellow's  Syrup  thrice  daily.  Now  put  upon  Liquor 
Arsenicalis  TI]^  3  ter  die. 

Oct.  4,  1900.— Looking  still  better,  and  feeling  very  well.  Weight 
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lo  stone  2  lbs.  Appetite  good;  stomach  comfortable.  Bowels  regular, 
generally  once  and  sometimes  thrice  daily.  Urine  pale  straw  colour.  He 
notes  himself  "  it  is  much  better  " ;  that  sometimes  it  is  very  dark,  e.g.^ 
last  week  ;  and  that  it  is  always  darker  when  he  is  not  feeling  very  well. 

His  tongue  looks  red.  He  states  it  has  been  very  sore  last  four 
days.  "  Feels  cracked  all  over "  when  he  takes  anything  to  eat  or 
drink.    Last  attack  of  the  kind  was  four  weeks  ago,  lasting  about  a  week. 

His  chief  trouble  now  is  that  his  fingers  feel  perfectly  numb,  so 
much  so  that  he  can't  button  his  clothes,  owing  to  want  of  feeling  in 
fingers.  This  affects  both  hands,  and  extends  up  to  elbows.  Calves 
of  legs  feel  weak,  but  there  is  no  numbness  in  them. 

Remarks. — The  chief  interest  of  this  case  is,  that  the  treatment 
employed  throughout  was  oral  and  intestinal  antisepsis,  with  injection 
of  antistreptococcic  serum,  as  recommended  by  me  (see  Treatment). 
Under  this  treatment  the  blood  improved  in  the  short  space  of  24 
days — Red  corpuscles,  from  27  to  65  per  cent.;  hcemoglobin,  from  35  to 
75  per  cent.  The  injections  caused  reaction  both  locally  and  generally 
(see  Chart),  this  latter  being  a  feature  also  noticed  in  Case  10.  The 
improvement  continued,  although  much  more  slowly,  for  six  weeks  after 
he  went  out — viz.,  corpuscles,  64  per  cent.  ;  haemoglobin,  80  per  cent. ; 
and  it  is  still  going  on. 

Nov.  8. — Improvement  still  continues.  Weight  1 1  stone  2  lbs.  (an 
increase  of  1^  stones);  R.B.C.  4,040,000  (80  per  cent.);  haemoglobin 
90  per  cent. 

Case  12. — A  case  of  pernicious  anaemia  following  on  traumatic 
stricture  of  the  small  intestine  ;  reported  by  Mr.  Arthur  W.  Barker, 
with  "  Pathological  Report"  by  myself.  Lancet,  July  1900. 

A  man,  aged  28  years,  a  sawyer,  was  admitted  into  University 
College  Hospital  on  Feb.  5th,  1900.  He  had  always  enjoyed  good 
health  until  seven  years  ago,  when  he  was  run  over  by  a  loaded  wagon. 
The  two  near  wheels,  which  were  broad,  passed  over  the  lower  part 
of  the  thorax,  breaking,  it  is  stated,  five  ribs  and  splintering  another. 
This  was  followed  by  "pleurisy  and  inflammation."  He  was  ill  for  14 
weeks,  and  after  this  began  to  have  the  attacks  now  complained  of. 
There  was  no  history  of  syphilis,  rheumatic  fever,  or  tumours,  but  the 
patient  had  always  suffered  from  "  heartburn,  "  which  had  been  worse 
since  the  accident.  The  patient  had  always  been  quite  temperate.  He 
had  been  well  fed,  and  had  lived  among  healthy  surroundings. 

On  admission  he  was  noted  as  being  very  well  nourished,  inclining  to 
fat,  but  extremely  anaemic.  This  was  most  marked  in  the  conjunctivje, 
lips,  and  finger-nails.  An  examination  of  the  abdomen  revealed  no 
abnormality  of  the  internal  organs,  and  only  a  slight  tenderness  and 
increased  resistance  midway  between  the  right  iliac  spine  and  the  navel. 
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Nothing  unusual  could  be  felt  from  or  in  the  rectum.    His  reason  for 
seeking  treatment  now  was  extreme  weakness  and  anjemia,  with  periodic 
attacks  of  pain  and  vomiting,  which  set  in  soon  after  the  accident  seven 
years  ago.    These  had  occurred  at  intervals  of  from  a  week  to  a  month, 
and  lasted  from  a  week  to  a  fortnight.    During  these  attacks  pain  and 
swelling  began  about  two  inches  to  the  right  and  below  the  umbilicus, 
and  spread  from  there  all  over  the  abdomen.    At  the  same  time  the 
patient  had  vomiting  and  diarrhoea.    The  vomit  consisted  of  food  and 
green  fluid  which  tasted  bitter  and  sour.    The  motions  during  these 
attacks  were  much  lighter  in  colour  than  usual,  and  sometimes  very  pale 
indeed.    The  pain  was  much  relieved  by  change  of  posture  in  any 
direction.    The  great  pallor  was  first  noticed  in  the  summer  of  1 899, 
and,  since  September  1899,  the  patient  had  suffered  from  shortness  of 
breath  on  exertion  accompanied  by  palpitations.    During  and  after 
September  1899,  the  patient  was  prevented  from  working  for  about  10 
weeks  by  vomiting  and  diarrhoea.    On  admission  the  temperature  was 
99°-4  F.  and  the  pulse  was  112.    This  was  about  the  average  for  nearly 
a  week,  when  the  fever  slightly  increased  to  about  100°  or  a  little 
over  this.     He  then   (Feb.    17th)   had  the   first   attack   of  pain 
since  admission.      It   began   at   the   point  described  and  spread 
all  over  the  abdomen,  lasting  about  one  and  a  half  hours.    He  vomited 
at  this  time  both  food  and  bile,  and  had  a  loose  stool  without  any 
undigested  food  or  fat  and  not  offensive.    Dr.  Thiele's  analysis  of  the 
blood  showed  red  corpuscles  2,000,000,  white  54,000,  and  hemoglobin 
30  per  cent.    The  optic  discs  were  now  examined  and  were  found  to 
be  normal.    On  Feb.  i6th  the  stomach  was  washed  out,  but  showed 
nothing  abnormal.    On  the  17  th  a  haemorrhage  was  noticed  in  the  left 
eye  above  and  to  the  outer  side  of  the  optic  disc.    Pain  and  vomiting 
occurred  on  the  previous  night.    The  vomited  matter  was  bile-stained 
with  very  little  undigested  food.    It  contained  free  hydrochloric  acid. 
Reduced  iron  was  now  given.    The  diet  was  full  and  was  eaten  with 
appetite  except  in  the  morning.    The  patient  was  growing  paler.  On 
the  2ist  he  vomited  twice  with  but  little  pain.    The  urine  had  been  free 
from  albumen  since  admission.    It  was  acid  and  of  normal  colour  with 
an  excess  of  indican.    Urea  2*5  per  cent.    There  had  been  no  loss  of 
flesh,  but  the  pallor  was  increasing  very  much  and  severe  headache  had 
been  complained  of  for  some  days.    On  the  same  day  (the  21st)  an 
examination  of  the  blood  showed  red  corpuscles  1,000,000,  haemoglobin 
20  per  cent.,  and  white  corpuscles  i  :  450.     The  blood  itself  to  the 
naked  eye  was  very  thin  and  watery ;  megalocytes  and  microcytes,  but 
no  nucleated  red  corpuscles,  were  seen.    Feeling  now  satisfied  that  there 
was  some  serious  lesion  high  up  in  the  small  bowel,  probably  of  the 
nature  of  a  stricture,  Mr.  Barker  decided  to  explore  the  abdomen. 

Operation  was  performed  on  Feb.   22nd.     The  abdomen  was 
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opened  in  the  mid-line  above  the  umbilicus.  The  first  thing  noticed 
was  a  coil  of  enormously  distended  and  thickened  small  intestine  of 
white  colour,  which  for  the  moment  was  taken  to  be  the  stomach.  It  was 
seen,  however,  on  nearer  inspection  to  lie  below  the  colon,  but  to 
overlap  it  above.  The  distention  terminated  to  the  right  of  the  spine 
in  a  sharp  kink  among  many  old  smooth  adhesions,  and  below  this  the 
intestine  was  normal  and  empty.  On  pushing  the  finger  into  the  dis- 
tended coil  so  as  to  invaginate  it  a  narrow  stricture  could  be  felt  at 
the  kinked  spot.  To  the  left  the  dilated  coil  was  held  down  to  the 
spine  by  adhesions  which  led  me  to  the  conclusion  that  I  was  dealing 
with  the  first  part  of  the  jejunum  as  it  emerged  from  under  the  plica. 
These  adhesions,  too,  were  all  smooth  and  evidently  old.  I  now 
anastomosed  the  distended  loop  with  the  empty  portion  below  the  kink 
and  stricture.  This  was  done  by  a  double  row  of  silk  sutures  in  the 
usual  way.  In  making  the  openings  in  the  contiguous  loops  the  con- 
trast between  the  thick-walled  upper  portion  and  the  thin-walled  normal 
viscus  below  was  very  striking.  The  abdomen  was  now  closed  in  with 
silk  sutures.  The  operation  lasted  50  minutes,  and  towards  the  end 
the  condition  of  the  patient  was  not  very  good.  On  this  account  a 
pint  of  normal  saline  solution  was  injected  hypodermically  during  its 
concluding  stages.  After  the  operation  there  was  a  good  deal  of  pain 
which  was  relieved  by  morphia,  after  which  the  patient  fell  asleep.  The 
pulse  was  116,  the  temperature  io2°'2,  and  the  respiration  was  38.  The 
next  morning  he  was  not  so  well.  The  temperature  was  io2°"8  and  the 
pulse  was  136.    Death  took  place  at  5.15  on  the  24th. 

Post-mortevi. — For  the  points  of  surgical  interest  connected  with  this 
case,  reference  should  be  made  to  Mr.  Barker's  report. 

On  opening  the  distended  bowel  the  stricture  was  found  to  be  due 
to  the  contraction  of  an  ulcer  produced  by  the  crushing  of  the  mucous 
membrane  where  the  cart-wheel  caught  it  against  the  spine.  It  was 
annular,  and  the  lumen  was  only  about  the  size  of  a  cedar  pencil. 
Other  healed  ulcers  were  seen  above  it  and  some  partially  healed.  The 
seven  feet  of  bowel  between  the  stricture  and  the  duodenum  were 
enormously  dilated  and  full  of  pale  yellow  fluid  like  thin  custard.  For 
post-niortem  notes  and  pathological  report,  see  Chaps.  XIX.  and  XX. 
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CHAPTER  XXXII. 
TREATMENT. 

The  investigations  detailed  in  the  foregoing  pages,  by  throwing 
lifrht  on  the  true  nature  of  the  disease,  serve  to  estabhsh  a  basis 
for  its  systematic  treatment — preventive  and  curative. 
The  objects  to  be  aimed  at  I  conceive  to  be  three : 

1.  Prevention  and  removal  of  the  infective  cause. 

2.  Removal  of  the  gastro-intestinal  conditions,  favouring  its 

operation. 

3.  To  combat  the  chief  symptoms. 

Removal  of  the  Cause — Antiseptic  Treatment. 

The  result  of  the  foregoing  observations  has  been  to  prove 
the  infective  nature  of  the  disease  ;  to  trace  the  infection  either 
to  the  mouth  itself,  or  to  outside  sources  ;  and  to  localize  the 
resulting  infection  to  the  mouth,  stomach,  or  intestine. 

I .  The  Hygiene  of  the  Teeth  and  Mouth. 

I  consider  it,  then,  all-important  in  all  cases  of  commencino- 
ansemia  that  special  attention  should  be  directed  to  the  condition 
of  the  teeth  ;  and  that  even  more  than  ordinary  care  should  be 
taken  with  regard  to  their  health,  by  removal  not  only  of  old 
stumps,  but  also  of  all  black  teeth,  and  of  teeth  showing  com- 
mencing cario-necrosis.  Moreover,  I  consider  these  precaution- 
ary measures  necessary,  irrespectively  of  any  statements  made 
by  the  patient  as  to  the  degree  of  discomfort  which  his  teeth  are 
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causing.  As  a  matter  of  fact,  in  no  single  case  above  recorded, 
however  bad  I  found  the  teeth  to  be,  was  my  attention  drawn  to 
them  by  the  patient,  or  was  any  complaint  made  of  them  by 
him.  Discomfort  and  pain  in  the  teeth  are  the  results  of  local 
inflammatory  reaction — periostitis  and  gingivitis.  To  a  certain 
extent  they  may  be  regarded  as  relatively  healthy  conditions, 
inasmuch  as  they  denote  that  the  local  tissues  still  have  the 
power  to  react  more  or  less  actively  to  irritation.  There  is  a 
stage,  however,  in  pyogenic  conditions,  as,  indeed,  in  other  forms 
of  infections,  when  local  reaction  is  absent,  or  at  most  insignifi- 
cant, at  the  very  time  when  the  general  septic  effects  are  most 
marked.  This  combination  I  consider  to  be  characteristic  of 
the  septic  condition  in  pernicious  anaemia. 

The  hygiene  of  the  mouth  demands,  therefore,  in  this 
disease  the  most  scrupulous  attention,  irrespective  of  the  state- 
ments or  opinions  of  the  patient.  Absence  of  local  pain  and 
discomfort  in  the  teeth  is  no  criterion  of  absence  of  general 
septic  effects,  if  their  condition  be  recognizably  bad. 

As  I  have  pointed  out  elsewhere,  with  regard  to  oral  sepsis 
generally  and  its  treatment,  what  we  want  recognized  on  the 
part  of  all  physicians,  surgeons,  dental  surgeons,  and  patients,  is 
the  septic  nature  of  this  condition  of  dental  caries  itself.  The 
gastric  trouble  is  not  the  result  of  any  dyspeptic  trouble,  or  of 
ill  health,  or  of  insufficient  mastication  ;  it  is  the  result  of  sepsis 
caused  by  the  carious  teeth. 

The  matter,  moreover,  is  important  from  the  point  of  view 
not  only  of  the  gastric  trouble,  but  of  the  infections  in  the  body 
caused  by  pathogenic  organisms  generally :  locally — acute  and 
chronic  tonsillitis,  pharyngitis,  otitis,  follicular  abscesses,  glan- 
dular swellings  in  the  neck  in  connection  with  diseased  teeth  ; 
or  more  remotely — ulcerative  endocarditis,  meningitis,  obscure 
septicaemia  complicated  by  purpuric  haemorrhages,  pyaemia, 
osteomyelitis — in  fact,  the  whole  series  of  conditions,  including 
pernicious  anaemia,  in  which  sepsis  plays  a  part. 

The  chief  problem  with  regard  to  these  conditions  is  to  find 
out  where  the  pus  organisms  have  gained  entrance.  They  are 
not  ubiquitous,  but  are  definite  organisms  causing  pus  forma- 
tion. We  take  most  elaborate  precautions  to  ensure  ourselves 
against  typhoid  infection,  either  from  drains  or  from  water  ;  and 
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we  take  great  precautions  to  protect  ourselves  from  tubercle ; 
and  there  is  no  reason  why,  when  we  are  doing  all  this,  we 
should  allow  the  most  accessible  part  of  the  body  to  remain  a 
favourable  seat  not  only  for  the  propagation,  but  for  the  actual 
production  of  organisms  no  less  pathogenic — pus  organisms. 
Therefore  I  consider  that  in  regard  to  oral  sepsis  there  is  a 
wide  field  open  for  preventive  medicine  in  the  practice  of  oral 
antisepsis. 

2.  Local  Treatment  of  the  Stomach. 

As  I  have  shewn,  whether  the  infection  arises  from  the 
mouth  or  outside,  its  chief  seat  is  invariably  the  stomach. 
The  first  effect  is  a  septic  catarrh,  followed  later,  if  the  patient 
live  long  enough,  by  deeper  seated  changes  of  the  nature  of 
glandular  atrophy  and  gastritis.  The  indications  here,  then,  are 
to  remove  or  lessen  this  sepsis  in  the  stomach.  The  most  im- 
portant part  of  this  indication  is  fulfilled  by  carrying  out  7neasures 
of  oral  antisepsis.  The  local  conditions  in  the  stomach  can  be 
treated  in  two  ways,  either  by  washing  out  the  stomach,  as 
suggested  by  Sandoz  ;  or  still  better,  as  I  conceive,  by  adminis- 
tering local  antiseptics  with  a  view  to  diminish  or  destroy  the 
infection  underlying  the  gastric  catarrh. 

Washing  out  the  Stomach. — This  treatment  was  first  suggested 
by  Sandoz  on  the  view  that  certain  of  the  symptoms  were 
those  of  indigestion,  and  that  the  products  of  indigestion 
might  in  this  way  be  advantageously  removed.  In  my 
judgment,  the  products  are  of  an  entirely  different  character 
from  those  of  indigestion ;  they  are  really  products  of  infection 
formed  in  the  walls  of  the  stomach  itself.  How  far  under  these 
circumstances  this  plan  of  treatment  can  be  successful  may  be 
open  to  doubt.  We  are  not  likely  to  remove  an  infection  of  the 
gastric  mucosa  by  washing  out  the  stomach,  any  more  than  we 
can  hope  to  cure  a  stomatitis  or  glossitis  by  rinsing  the  mouth. 
In  the  later  stages  of  the  disease,  the  gastric  conditions  are 
of  a  too  deep-seated  character  to  be  affected  by  such  local 
measures  as  washing  out  the  stomach.  But  in  the  earlier 
stages  of  the  disease  the  case  is  different,  and  the  measure 
is  one  which  I  conceive  might  be  adopted  with  advantage. 

Fortunately  for  this  purpose,  an  early  diagnosis  of  the 
disease  is  now  in  my  judgment  rendered  possible  by  the  fore- 


342 


PERNICIOUS  ANEMIA. 


going  researches.  In  diagnosing  the  disease  regard  must  be 
had,  not  to  any  single  feature,  but  to 

(1)  The  whole  group  of  blood  changes  (Chap.  V.)  ; 

(2)  The  combinatiojt  of  clinical  associated  with  these 
changes  as  part  effects  of  the  infection  (Chap.  XXIV.) ; 

(3)  The  more  or  less  sudden  onset  of  the  anaemia  out  of  all 
proportion  to  any  ordinary  cause  of  anaemia  (Chap.  XX.);  and 
lastly 

(4)  The  antecedent  Jiistory  of  gastric  and  oral  sepsis  (Chap. 
XVIII.). 

Antiseptic  Treatment. — The  chief  advantages  to  be  got  from 
washing  out  the  stomach  can  in  most  cases  be  got  in  other 
ways,  namely,  by  administration  of  local  antiseptics.  The  case 
which  appeared  to  me  the  most  suitable  for  washing  out  the 
stomach  was  Case  8,  in  which  there  was  intense  salivation 
with  gastrorrhoea.  Before  carrying  it  out,  I  determined  to  try 
the  effect  of  local  antiseptic  treatment.  The  antiseptic  selected 
was  the  one  that  had  proved  successful  against  ordinary  septic 
gastritis  in  Case  7,  namely,  salicylic  acid.  I  had  selected  this 
drug  on  general  grounds,  as  the  antiseptic  which  appeared  to  be 
at  once  the  most  powerful  and  the  least  harmful.  The  result  in 
Case  8,  as  in  Case  7,  was  eminently  satisfactory.  Improvement 
was  noticed  from  the  first  day ;  salivation  and  sickness,  which 
had  been  persistent  for  several  months,  ceased  by  the  fourth  day  ; 
and  their  cessation  was  followed  by  a  remarkable  improvement 
in  the  blood,  namely,  an  increase  of  20  per  cent,  of  corpuscles  in 
the  course  of  the  next  two  weeks. 

There  are  many  other  antiseptics  of  the  same  character  which 
may  prove  equally  efficacious.  One  which  I  have  been  in  the 
habit  of  using  constantly  is  salicylate  of  bismuth. 

3.  Local  Treatment  of  the  Intestine. 

In  the  cases  where  the  symptoms  point  to  intestinal  rather 
than  to  gastric  irritation,  a  similar  treatment  should  be  adopted 
— use  of  intestinal  antiseptics,  as  I  before  recommended — eg., 
salol,  naphthol,  calomel,  or  mercuric  chloride  (Case  2).  In  cases 
where  the  symptoms  point  to  the  colon  or  the  rectum  this  may 
be  supplemented,  as  I  now  recommend,  by  enemata  containing 
salicylic  acid. 


TREATMENT. 


343 


Medicinal  Treatment. 

Arsenic.— The  above  measures  should  not  replace,  but  should 
be  supplemented  by,  the  use  of  arsenic.  The  great  value  of 
this  drug,  first  introduced  by  Dr.  Byrom  Bramwell,  has  now 
been  fully  established.  Its  use  has,  indeed,  in  my  judgment, 
modified  the  character  of  the  disease.  Instead  of  being  a  disease 
of  a  few  months'  duration,  rarely  if  ever  exceeding  twelve 
months,  as  was  the  case  in  the  experience  of  the  early  observers 
(Addison,  Biermer,  Eichhorst),  a  duration  of  two,  three,  and 
even  four  years  from  the  time  of  onset,  is  now,  in  my  ex- 
perience, not  uncommon.  For  this  result,  the  use  of  arsenic, 
more  than  any  other  individual  factor,  deserves,  in  my  judgment, 
the  credit. 

The  good  effect  of  arsenic  is  here  brought  out  by  Dr  Byrom 
Bramwell's  careful  analysis  of  45  cases,  which  have  come  under 
his  observation.  The  patient's  ability  to  take  arsenic  is,  in  his 
opinion,  the  most  important  point  in  determining  the  prognosis 
of  the  case.  He  even  expresses  the  hope — one  which,  unfortu- 
nately, is  not  fulfilled  in  actual  experience — that  if  arsenic  was 
steadily  given  for  long  periods  of  time  after  temporary  recovery, 
the  tendency  to  relapse,  which  is  so  striking  a  feature  of  the 
disease,  might  perhaps  be  prevented.  So  far  as  his  own  experi- 
ence is  concerned,  and  he  thinks  this  is  the  experience  of  most 
other  observers,  it  is  the  only  remedy  with  which  we  are  at 
present  acquainted  which  is  likely  to  produce  benefit  in  any  con- 
siderable proportion  of  cases  of  the  disease. 

He  was  led  to  try  the  administration  of  arsenic  by  the 
observation,  that  in  cases  of  pernicious  an?emia,  the  most  striking 
morbid  change  was  the  extreme  fatty  degeneration  of  the  heart ; 
and  his  experience  had  taught  him  that  arsenic  was  a  remedy  of 
undoubted  value  in  many  cases  of  fatty  heart.  In  three  of  the 
first  cases  in  which  he  tried  it,  rapid  and  immediate  improve- 
ment took  place  ;  and  the  result  of  his  whole  experience,  now 
extending  over  twenty-three  years,  is  to  show  that  the  arsenical 
treatment  is  in  many  cases  attended,  for  a  time  at  least,  with 
marked  benefit — unfortunately  in  the  vast  majority  of  cases  only 
temporary  in  its  character. 

In  his  recent  work,  he  appends  a  valuable  analysis  of  the 
result  of  arsenical  treatment  in  45  cases  which  have  come  under 
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his  own  notice.  Of  these  45  cases  35  had  died,  3  cases  were 
still  alive,  and  in  7  the  result  was  not  known. 

In  38  of  the  45  cases  arsenic  was  given  with  the  following 
results : 

10  Cases  Complete  (temporary)  recovery. 

8     „     Marked  (temporary)  improvement. 

7     „     Slight    (       „  ) 
12     „     No  improvement. 

I     „     Result  not  known. 

In  7  of  the  10  cases  in  which  complete  (temporary)  recovery 
resulted,  a  relapse  subsequently  occurred  ;  and  in  one  of  these 
cases,  the  patient  remained  well  for  twelve  years  and  died  at  the 
end  of  thirteen  years. 

An  analysis  of  the  immediate  results  of  the  treatment  in  those 
cases  in  which  arsenic  was  well  and  badly  borne  shows  very  clearly, 
he  considers,  that  the  immediate  improvement  under  this  treat- 
ment largely  depends  upon  the  patient's  ability  to  take  full  doses 
of  the  drug.  Out  of  the  total  number  of  38  cases  in  which  arsenic 
was  given,  the  remedy  was  well  borne  in  24  cases.  In  these  24 
cases,  improvement  more  or  less  marked  occurred  in  20,  whereas 
in  nine  cases  in  which  arsenic  was  badly  borne,  improvement 
only  occurred  in  one. 

Mode  of  administration. —  It  is  best  begun  in  small  doses — two 
drops  of  Fowler's  solution  in  water  thrice  daily  after  food  ;  after- 
wards increased  gradually  up  to  10  and  15  or  even  20  drops  thrice 
daily. 

My  own  experience  may  be  exceptional,  but  personally 
I  have  not  been  able  to  satisfy  myself  that  the  benefit  to  be  got 
from  this  drug  is  dependent  on  the  largeness  of  the  dose  given. 
When  benefit  results,  it  is,  in  my  experience,  as  marked  with  the 
smaller  doses  as  with  the  larger ;  and  in  such  cases  I  prefe^to 
hold  the  larger  doses  in  reserve  for  the  subsequent  relapses  which 
inevitably  occur,  rather  than  push  the  arsenic  to  its  utmost  limits 
of  toleration  in  the  first  instance. 

For  the  chief  feature  about  arsenical  treatment  is  this,  that 
however  marked  the  improvement  under  it  may  be,  it  does  not 
prevent  the  recurrence  of  the  disease.  How  far  this  feature  of 
the  disease  will  be  altered  by  the  adoption  of  the  strict  measures 
of  oral  and  dental  antisepsis  which  I  have  now  recommended, 
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will  remain  an  interesting  point  for  future  experience  to 
determine. 

In  the  absence  of  any  such  measures  hitherto,  the  patient, 
however  much  relieved,  has  always  been  left  exposed  to  rein- 
fection from  the  original  source  of  his  trouble. 

Dietetic  Treatment. 

The  most  important  symptom  of  the  disease  is  the  excessive 
destruction  of  blood,  induced  by  the  absorption  of  the  poisons. 
It  is  the  continual  drain  on  the  blood  thus  brought  about  that 
causes  the  intense  anaemia  and  excessive  weakness. 

The  best  way  of  combating  this — apart  from  the  removal 
of  the  cause — I  conceive  to  be  by  regulation  of  the  diet,  with 
a  view  to  diminish  blood  destruction  so  far  as  possible.  The 
most  important  factor  regulating  the  amount  of  blood  destruc- 
tion in  health  I  find  to  be  the  nature  of  the  diet,  a  nitrogenous 
diet  causing  a  much  greater  destruction  than  a  farinaceous 
or  fatty  one.  The  blood  destruction  which  occurs  in  this  dis- 
ease so  greatly  exceeds,  however,  that  of  health,  and  depends 
upon  the  operation  of  such  different  factors  —  the  formation 
and  absorption  of  specific  poisons  of  the  nature  of  ptomaines — 
that  the  difference  between  a  nitrogenous  and  a  non-nitro- 
genous diet  may  be  of  comparatively  little  moment.  Never- 
theless, the  results  obtained  in  various  cases  appear  to  suggest 
that  great  benefit  is  to  be  got  from  a  most  careful  regula- 
tion of  diet.  The  object  to  be  aimed  at  is  to  ascertain  for 
each  patient  the  particular  kind  of  diet  which  in  his  case  gives 
least  work  to  the  stomach,  but  at  the  same  time  is  sufficient 
in  quantity  to  maintain  his  strength.  This  is  a  matter  not  so 
easy  as  may  appear.  For  the  sense  of  weakness  which  the 
pStient  experiences  is  oftentimes  so  great — and  is  so  often 
accompanied  by  an  intense  feeling  of  emptiness  or  sinking 
referred  to  the  stomach,  only  relieved  by  food — that  the  patient 
craves  for  food,  although  he  may  be  actually  taking  a  more 
than  average  amount  of  food.  The  result  is  naturally  to  over- 
burden the  stomach,  with  further  grievous  discomfort. 

Until,  then,  the  digestion  has  been  got  into  a  fairly  satis- 
factory condition,  I  am  no  advocate  for  "feeding  up"  in  this 
disease. 
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If  the  disease  could  be  controlled  or  arrested  by  feeding 
up,  it  would  long  ere  this  have  lost  the  pcniicious7iess  which 
characteristically  distinguishes  it. 

In  Case  i,  in  which  I  was  led  by  the  foregoing  considerations 
regarding  hicmolysis  to  adopt  a  milk  diet,  the  result  seemed 
in  the  first  instance  satisfactory. 

The  patient  was  placed  on  a  more  farinaceous  diet  on 
March  loth,  his  previous  diet  having  been  made  up  of  beef- 
tea,  extracts  of  meat,  etc.  The  effect  of  this  treatment  was 
at  once  noticeable,  being  evidenced  by  an  entire  disappearance 
of  blood-pigment  granules  from  the  urine,  and  by  the  subsequent 
improvement  in  the  patient's  general  condition. 

After  his  attack  on  April  20th,  I  placed  him  on  a  purely 
milk  diet.  The  disease  was,  however,  too  far  advanced  to 
permit  of  successful  treatment.  Under  the  milk  diet  the 
amount  of  blood  destruction,  as  evidenced  by  the  high  colour 
of  the  urine,  continued  to  be  increased.  I  should  be  inclined, 
however,  to  give  a  purely  milk  diet  another  and  a  fairer 
trial  than  the  advanced  nature  of  this  particular  case  ad- 
mitted of  This  line  of  treatment  was  in  part  suggested 
by  the  investigations  I  was  at  the  time  (1889)  making  on 
this  very  case,  with  regard  to  the  putrefactive  changes  in 
the  intestinal  canal  (see  "  Excretion  of  aromatic  sulphates," 
Chap.  XVII.). 

I  deemed  the  matter  sufficiently  important  to  be  submitted 
to  experimental  test. 

Influence  of  Diet  on  Intestinal  Putrefactive  Chajtges. 

I  therefore  instituted  a  series  of  observations  in  order  to 
obtain  some  further  data  as  to  the  effect  of  a  more  exclusively 
farinaceous  diet  on  the  change  occurring  within  the  intestine. 
The  observations  undertaken  to  this  end  were  kindly  carried 
out  for  me  by  Dr.  F.  W.  Burton-Fanning  (now  of  Norwich). 
The  results  obtained  are  of  great  interest  in  this  connexion. 
The  method  adopted  was  to  determine  the  relative  excretion  of 
free  and  aromatic  sulphates  in  the  urine  of  a  dog,  on  (i)  a  mixed 
diet,  and  (2)  on  a  more  farinaceous  one. 
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Table  shetviin^  Influence  of  Diet  on  Excretion  of  Aromatic  Sulphates. 

{Dog.) 


Quantity 
of  Urine 
Ul  c.c. 

Free 

Aromatic 

T  ~\  „  i 

Uate. 

Sulphates, 
as  BA  SOj 
(A). 

Sulphates, 
as  BA  SO4 
(B). 

Hatio  of 
A  to  B. 

Dipt 

1889. 

Gramme. 

Gramme. 

Feb.  8 

434 

0-978 

o-io6 

9  to  I 

Meat  biscuits. 

.>  13 

420 

1-386 

0-105 

13  I 

„  18 

470 

0-639 

0-0775 

8  I 

>> 

20 

340 

0-720 

0-1258 

22 

Milk,  bread,  and 

oatmeal. 

24 

440 

0-673 

0-0396 
0-0484 

17  I 

>> 

n  25 

440 

0-776 

16  ,,  I 

>> 

27 

300 

0757 

0-0540 

'4  I 

>i 

„  28 

260 

0-824 

0-0572 

14  I 

»> 

Results. — From  the  foregoing  table  it  will  be  seen,  that  while 
on  a  mixed  diet  the  ratio  of  the  free  to  the  aromatic  sulphates 
was  on  the  average  9  to  i — the  normal  ratio  (see  p.  190) — the 
effect  of  the  more  farinaceous  diet  was  to  reduce  the  excretion 
of  aromatic  sulphates  {i.e.,  to  lessen  the  amount  of  putrefactive 
loss  occurring  in  the  food  within  the  intestinal  canal)  by  more 
than  one-half,  with  an  average  ratio  of  1 5  to  i. 

The  result  may  be  expressed  in  this  way — that  with  an 
almost  equal  quantity  of  food  of  both  kinds,  the  amount  of  loss 
due  to  putrefactive  changes  within  the  intestinal  tract  was 
diminished  by  more  than  one-half  by  the  use  of  a  more 
farinaceous  diet ;  at  the  same  time  there  was  an  increase  in  body 
weight.  It  is  on  these  grounds  that  I  believe  good  results  may 
be  expected  from  a  more  exclusively  farinaceous  diet  in  cases 
of  pernicious  anaemia. 

But,  as  I  have  stated,  no  general  rule  can  be  laid  down 
applicable  to  all  cases  alike. 

I  am  satisfied,  however,  of  the  great  importance  of  determin- 
ing in  each  case  the  particular  diet  most  suitable ;  and  it  is  in 
this  respect  that  hospital  patients,  in  my  experience,  appear  to 
be  far  better  off  than  private  patients,  since  they  remain  a  longer 
time  under  daily  observation,  and  their  individual  peculiarities 
can  be  better  ascertained. 
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Serum  Treatment. 

It  is  obvious,  however,  that  if  once  the  infection  gets  firmly 
rooted  in  the  mucosa,  mere  local  antiseptic  treatment^ — however 
much  it  may  benefit  by  diminishing  or  removing  catarrh  and 
thus  arresting  the  disease  temporarily — may  fail  to  arrest  it 
permanently,  even  when  aided,  as  when  possible  it  ought  to  be, 
by  the  use  of  arsenic,  and  by  every  possible  dietetic  measure; 
and  experience  proves  only  too  fully  that  such  is  the  case. 

The  only  indication  for  treatment,  then,  is  to  combat  the 
action  of  the  poison  on  the  blood  after  its  absorption. 

To  this  end  1  propose  in  future  to  give  a  sustained  and  syste- 
matic trial  to  a  serum  treatment  based  on  the  results  above  stated. 

There  is  no  disease  in  which  we  have  such  conclusive 
evidence  of  a  local  action  on  the  blood  as  we  possess  in  the 
case  of  pernicious  anaemia.  The  chief  ill-effects  of  the  disease 
are  due  to  the  progressive  blood  destruction,  and  its  consequent 
anaemia.  If  we  could  eliminate  this  local  action  on  the  blood, 
or  counteract  it,  the  disease  as  a  disease  would  lose  its 
characters.  Its  infection  would  be  interesting  as  a  cause  of 
septic  stomatitis,  gastritis,  or  possibly  some  form  of  enteritis, 
with  their  attendant  symptoms ;  but  it  would  not  cause  the 
anaemia  which  it  now  does. 

I  propose,  then,  to  try  the  effect  of  systematic  serum  treat- 
ment. The  nature  of  the  serum  I  shall  reserve  for  later  investiga- 
tions accurately  to  determine.  For  the  present  I  propose  to  try 
the  effect  of  antistreptococcic  serum,  inasmuch  as  my  observa- 
tions point  to  pyogenic  organisms  as  always  being  concerned  in 
the  infection. 

In  suggesting  this  treatment  I  desire  to  make  clear  that  its 
trial  is  based,  not  on  any  hypothetical  considerations  as  to  the 
nature  of  the  anaemia,  but  on  a  series  of  observations,  extending 
now  over  fifteen  years,  which  slowly,  step  by  step,  have 
served  to  trace  the  anaemia  back  to  an  infection  arising  in 
connection  with  the  alimentary  canal.  I  have  purposely 
refrained  from  suggesting  such  treatment,  or  from  trying  it,  till 
I  was  in  possession  of  facts  which  appeared  to  me  conclusive  as 
to  the  infective  nature  of  the  disease;  and  till  I  had  definitely 
formulated,  as  I  have  now  done,  the  grounds  of  my  conclusions.^ 

'  Hunter,  Lancet,  Jan.  and  Feb,  1900. 
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The  first  case  of  the  disease  treated  on  the  lines  recommended 
above — oral  and  intestinal  antisepsis  combined  with  anti- 
streptococcic serum — is  that  recorded  by  Dr.  William  Elder  of 
Leith.i 

The  case  is  very  fully  recorded,  and  is  of  special  interest, 
apart  from  the  remarkably  beneficial  effects  of  serum  treatment, 
as  being  the  first  case  published  subsequent  to  my  drawing 
attention  to  the  importance  and  prevalence  of  oral  sepsis  in  this 
disease. 

As  regards  the  possible  benefit  to  be  got  from  serum  treat- 
ment, Dr.  Elder's  conclusion  appears  to  me  to  put  the  matter  so 
clearly,  that  it  may  fitly  be  reproduced  here,  in  connexion  with 
a  summary  of  the  case. 

The  case,  I  agree  with  him,  was  one  of  pernicious  anaemia, 
and,  moreover,  a  severe  case.  The  treatment  was  oral  and 
intestinal  antisepsis  with  injection  of  antistreptococcic  serum. 
None  of  the  usual  remedies  for  anaemia  were  given.  The  result 
was,  that  in  forty-five  days  after  the  commencement  of  the 
treatment,  the  blood  condition,  which  at  the  outset  was  i8 
per  cent,  of  corpuscles  with  24  per  cent,  of  haemoglobin,  was 
normal :  namely,  96  per  cent,  of  corpuscles  and  104  per  cent, 
of  haemoglobin.  A  month  later  "  he  reported  himself  as  feeling 
fit  and  well,  and  looked  in  very  good  health." 

In  all,  no  fewer  than  eighteen  injections  were  given  in  the 
course  of  six  weeks  without  any  ill-effects,  either  local  or  general. 

The  only  systematic  trial  I  have  made  of  the  treatment  has 
been  in  Case  11.  [In  Case  10  it  was  used  alternately  with 
arsenic,  so  that  no  therapeutic  inference  can  be  drawn.]  The 
case  was  a  very  typical  one  in  its  mode  of  onset,  character 
of  its  gastric  symptoms,  its  urinary  changes,  its  nervous 
symptoms,  and  in  its  oral  symptoms,  and  it  was  in  a  com- 
paratively early  stage.  It  had  not  been  recognized  before  as 
one  of  pernicious  anaemia:  consequently  had  had  no  arsenical 
or  other  special  treatment. 

The  blood  condition  was  30  per  cent,  of  corpuscles  and  35 
per  cent,  of  haemoglobin. 

1  Lancet,  April  28,  1900,  "A  Case  of  Pernicious  Ansemia  treated  by  Antistrepto- 
coccic Serum,"  by  William  Elder,  M.D.,  F.R.C.P,  Edin.,  Physician  to  Leith 
Hospital. 
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The  treatment  was  milk  diet,  oral  and  intestinal  antisepsis, 
ammonium  carbonate  and  tincture  of  digitalis  as  a  cardiac 
tonic,  and  injection  of  antistreptococcic  serum. 

In  all,  four  injections  of  the  latter  were  given — viz.,  lo  c.c. 
on  the  9th  and  13th  July,  followed  later  by  two  injections  of 
5  c.c.  Before  treatment  was  commenced  the  blood  condition 
had  further  deteriorated,  the  red  corpuscles  being  reduced  to  27 
per  cent.    This  was  on  the  7th  July. 

Between  the  9th  July,  when  he  got  the  first  injection,  and  the 
1st  August  {i.e.,  three  weeks),  the  corpuscles  had  risen  from  27  per 
cent,  to  65  per  cent.,  and  the  haemoglobin  from  35  per  cent,  to 
75  per  cent.,  and  one  notable  feature  of  the  blood  at  this  time 
was  the  marked  leucocytosis — leucocytes  17,000  per  c.mm. 
(instead  of  the  normal  5000  to  7000). 

He  received  a  fourth  and  last  injection  (5  c.c.)  on  August  i, 
and  the  treatment  was  discontinued  mainly  on  account  of  the 
local  reaction  caused  by  the  serum.  It  excited  a  brawny  oedema 
which  extended  over  the  flank. 

The  patient  continued  to  improve  for  the  next  ten  days, 
although  his  actual  blood  condition  showed  some  relapse  ;  and 
he  then  went  to  the  country  (Aug.  16).  The  treatment  was 
as  before,  namely: — strict  oral  and  intestinal  antisepsis,  with 
in  addition  3i-  of  the  syrup  of  the  hypophosphites  thrice  daily 
as  a  tonic.  Arsenic  was  still  withheld.  He  returned  in  six 
weeks'  time  (Sept.  26)  greatly  improved  in  looks  ;  and  his  blood 
shewed  red  corpuscles  3,200,000  (64  per  cent.),  and  haemoglobin 
80  per  cent. 

He  was  now  given  liquor  arsenicalis  in  three  minim  doses 
thrice  daily,  increased  to  five  minims  three  weeks  later. 

The  result  up  to  the  present  is  that  when  he  reported 
himself  on  Nov.  8th,  1900,  his  blood  shewed  :  red  corpuscles 
4,040,000  (80  per  cent),  haemoglobin  90  per  cent,  and 
leucocytes  7500  per  c.mm.;  his  weight  was  11  stone  3  lbs. 
(157  lbs.),  an  increase  from  the  time  he  came  under  observation 
of  two  stones  (24  lbs.) ;  and  his  gastric  and  intestinal  functions 
were  in  all  respects  normal.^ 

Red  Corpuscles.               Hemoglobin.  Leucocytes. 

'Dec.  6,  1900.    4,320,000  (86  per  cent.)            90  per  cent.   

,,  20,     ,,      4,640,000(92       ,,      )           92       ,,  5000  per  c.mm. 

Patient  looks  in  robust  health. 
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He  still  retained  the  feeling  of  numbness  in  his  fingers, 
although  this  had  recently  greatly  lessened. 

As  regards  the  effects  of  the  serum  treatment,  it  was  observed 
in  this  case,  as  also  in  Case  10,  that  the  injection  usually  caused 
a  distinct  general  reaction,  lasting  usually  for  forty-eight  or 
sixty-four  hours  ;  and  several  times,  as  already  stated,  there  was 
a  local  reaction  as  well  ;  this  latter,  possibly,  due  to  the  fact, 
ascertained  on  enquiry,  that  the  serum  contained  double  the 
usual  strength  of  carbolic  acid. 

There  was  no  general  reaction  in  Dr.  Elder's  case  with  any 
of  the  injections. 

Whether  its  presence  was  connected  with  the  character  of  the 
disease,  or  of  the  special  serum  used,  it  is  impossible  to  state. 
But  in  view  of  its  possible  occurrence,  it  is,  I  consider,  advisable 
to  begin  with  small  doses  (5  c.c). 

As  regards  the  probable  scope  of  usefulness  of  this  treatment, 
it  is  at  present  quite  impossible  to  speak.  As  I  have  said,  the 
object  of  it  is  not  to  replace  the  line  of  treatment  hitherto 
employed — and  up  to  a  certain  point  successfuly  employed — 
namely,  by  arsenic  ;  nor  is  it  to  replace  the  new  line  of 
treatment  by  combined  oral  and  intestinal  antisepsis  which 
I  have  recommended,  and  to  which  I  attach  an  even  greater 
importance  than  to  arsenical  treatment,  inasmuch  as  it  aims 
at  the  removal  of  the  cause  and  not  merely  the  combating  of 
the  results. 

It  is  intended  to  supplement  both  these  lines  of  treatment 
if  they  fail  to  arrest  the  disease. 

It  is,  in  my  experience,  certain  that  the  disease  cannot  be 
permanently  checked  by  the  use  of  arsenic  alone.  But  that 
may  possibly  be  due  to  the  fact  that  up  till  now — the  septic 
nature  of  the  disease  and  the  importance  of  oral  sepsis  not 
having  been  recognized — the  source  of  infection  has  remained 
undisturbed,  and  hence  the  patient,  cured  once  by  arsenic,  has 
remained  continuously  exposed  to  fresh  infection. 

The  prime  object  of  the  combined  oral  and  intestinal  anti- 
septic treatment  is  to  remove  both  the  original  source  of  the 
infection  and  the  conditions  which  favour  infection.  If  this 
succeeds,  there  may  be  no  necessity  for  further  treatment  other 
than  by  arsenic. 
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If  both  together  fail  to  arrest  the  disease,  the  serum 
treatment  is  the  one  which  appears  to  me  to  hold  out  most 
prospect  of  benefit,  and  the  cases  just  recorded  certainly  denote 
that  it  has  markedly  therapeutic  properties. 

Dr.  Elder's  Case. 

*'  A  man,  aged  35  years,  was  admitted  to  Leith  Hospital  on  Jan. 
27th,  1900,  complaining  of  debility  and  breathlessness.    The  history 
of  his  present  illness  was  as  follows.    About  six  months  before  (in  July 
1899)  the  patient  had  a  severe  attack  of  sickness  and  diarrhoea,  and 
since  then  he  had  felt  that  he  was  gradually  getting  weaker,  and  he  had 
had  occasional  attacks  of  sickness.    About  the  end  of  the  following 
November  he  had  what  he  called  a  'chill,'  which  seems  to  have  been  a 
slight  feverish  attack.    After  this  left  him  he  felt  more  debilitated  than 
ever.    It  tired  him  to  walk  short  distances,  and  he  began  to  be  very 
breathless.    About  the  first  week  in  December  he  first  noticed  that 
his  skin  was  of  a  pale  yellow  tinge  and  he  became  troubled  with 
constipation.    For  a  month  or  two  before  he  came  under  treatment 
he  had  had  very  slight  bleeding  piles,  but  he  had  never  lost  much 
blood,  only  a  streak  having  been  detected  very  occasionally.  He 
continued  to  work  till  three  weeks  before  admission,  and  was  then 
forced  to  stop  owing  to  his  weakness.    He  attended  at  the  hospital 
as  an  out-patient  for  ten  days  before  his  admission.    He  had  not 
previously  had  any  definite  illness,  but  he  occasionally  suffered  from  pain 
along  the  costal  margin  on  both  sides,  which  was,  he  said,  very  slight, 
and  he  sometimes  had  '  bilious  attacks.'    About  seventeen  years  ago 
he  was  troubled  very  much  with  bad  teeth,  had  many  gumboils,  and 
had  to  get  several  teeth  extracted.    Since  then  his  teeth  had  been 
bad  and  had  troubled  him  much,  but  gumboils  had  not  been  so 
frequent.    His  mother,  father,  and  the  other  members  of  the  family 
were  strong  and  healthy. 

"  State  on  Admission. — The  patient  was  found  to  be  a  markedly 
anaemic  man.  His  skin  was  of  a  lemon-yellow  colour.  The  palpebral 
conjunctiva  and  the  mucous  membrane  of  the  mouth  were  very  pale, 
and  the  ocular  conjunctiva  was  slightly  yellow.  He  had  a  rigor 
shortly  after  admission,  was  breathing  very  rapidly,  and  was  almost 
pulseless.  The  temperature  was  100° '8  F.  The  pulse  improved 
after  he  was  given  an  ounce  of  whisky  and  five  minims  of  digitalis, 
and  it  was  124  about  half-an-hour  after  admission.  The  Spleen  was 
not  enlarged.  The  Blood  was  examined  on  Jan.  29th,  two  days  after 
admission,  and  shewed  haemoglobin  24  per  cent.,  red  corpuscles 
797,500,  and  white  corpuscles  4520.  Integumentary  System. — The  skin 
had  a  soft  velvety  feel  and  was  of  a  yellow  lemon  tint,  except  over 
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the  lower  part  of  the  back,  where  it  was  brownish  in  colour,  the 
discoloration    being    diffused    and    not   in   circumscribed  patches. 
Circulatory  System— ^&  had  palpitation  and  shortness  of  breath  on 
exertion.    If  working  with  his  head  low,  he  felt  very  giddy.    He  was 
occasionally  troubled  with  tinnitus  aurium.    The  cardiac  impulse  was 
neither  visible  nor  palpable.    On  percussion  the  base  was  at  the  upper 
border  of  the  third  rib  and  the  right  border  reached  to  the  right 
edge  of  the  sternum.    The  left  border  was  2>h   inches   from  the 
mid-sternum.    Auscultation   detected   nothing   abnormal   about  the 
sounds.    The  pulse  was  124  per  minute;  it  was  large,  soft,  and  easily 
compressible.    Alimentary   System. — The   tongue   was   pale,  flabby, 
and  indented  by  the  teeth.    The  lips  and  the  mucous  membrane  of 
the  mouth  were  pale.    Many  of  the  teeth  were  in  a  state  of  decay, 
and  there  were  a  number  of  carious  stumps.    The  appetite  was  fairly 
good  and  the  thirst  was  not  increased.    The  patient  sometimes  suffered 
from  pain  along  the  left  costal  margin  and  a  burning  sensation  in  the 
stomach.    These  sensations  had  no  reference  to  food.    The  bowels 
were  very  constipated.    The  stomach  was  not  enlarged.    Liver  dulness 
extended  to  about  an  inch  above  the  costal  margin.    Nervous  System. — 
On  rising  after  sitting  for  any  length  of  time  he  felt  giddy  and  his  limbs 
were  very  tremulous  when  he  walked.    He  complained  of  seeing  dark 
specks  before  his  eyes,  and  occasionally  he  saw  yellow  and  red  lights 
floating  in  the  air,  the  red  being  close  before  his  eyes  and  the  yellow 
at  a  distance.    His  temper  was  rather  irritable.    He  had  not  been 
sleeping  very  well  for  some  time.    On  ophthalmoscopic  examination 
nothing  abnormal  could  be  seen  in  the  retina.    Respiratory  System 
shewed  nothing  abnormal.    Uri/ie. — The  specific  gravity  of  the  urine 
was  1020.    The  reaction  was  acid.    There  were  no  abnormal  con- 
stituents and  no  indican. 

"  Treatment  and  Progress. — The  patient  was  put  on  milk  diet  and  was 
given  a  febrifuge  mixture  and  half  an  ounce  of  whisky  every  six  hours 
as  a  stimulant.    On  the  evening  of  Jan.  27th  the  temperature  reached 
1 03° -6  and  the  pulse  was  120.    On  the  28th  the  temperature  was  loi" 
in  the  morning  and  ioi°-4  in  the  evening,  and  the  pulse  was  120.  On 
the  29th  the  temperature  was  ioo°-8  and  the  pulse  was  110.    On  the 
30th  he  was  very  suspicious,  and  it  was  very  difficult  to  get  him  to  take 
his  medicines,  as  he  thought  that  the  medical  attendants  and  the  nurses 
were  trying  to  poison  him.    The  temperature  on  this  day  was  100°  and 
the  pulse  was  108,  and  on  the  31st  the  temperature  was  99°  and  the 
pulse  was  100.    On  Feb.  ist  the  temperature  was  down  to  normal  and 
the  pulse  was  100.    When  the  lights  were  turned  down  he  became  very 
excited;  he  jumped  out  of  bed  and  was  brought  back  after  a  great  deal 
of  persuasion.    An  attempt  was  made  to  give  him  bromide,  but  he 
absolutely  refused  to  take  any  drugs.    He  complained  of  being  hungry, 
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so  he  was  given  hot  milk  with  1 5  grains  of  sulphonal  dissolved  in  it. 
He  quieted  down  after  a  while  and  slept  better  than  he  had  done  for 
several  nights.  On  the  3rd  he  was  quieter,  and  talked  more  sensibly. 
He  was  put  on  a  convalescent  diet.  Special  Treatment. — The  follow- 
ing treatment  was  then  begun. 

"  Special  Treatment. — As  regards  the  treatment  of  the  case,  the  details 
are  sufficiently  noted  in  the  notes  which  I  have  already  given.  The 
treatment  was  begun  on  Feb.  3rd,  exactly  a  week  after  the  patient's 
admission  into  the  hospital.  His  mouth  was  thoroughly  washed,  and 
brushed  with  an  antiseptic  mouth-wash,  and  he  was  given  5  grains  of 
salol  and  15  grains  of  salicylate  of  bismuth  internally  every  six  hours. 
Ten  c.c.  of  antistreptococcic  serum  were  at  first  injected  into  the 
subcutaneous  tissue  over  the  dorsum  ilii  every  second  day.  At  the 
first  two  injections,  on  account  of  a  fault  in  the  syringe,  he  received 
only  about  eight  cubic  centimetres,  but  afterwards  ten  cubic  centimetres 
were  given  on  each  occasion  except  on  Feb.  9th,  when  he  got  only  five 
cubic  centimetres.  From  Feb.  3rd  till  March  19th  he  received  in  all 
eighteen  injections  of  the  serum,  and  the  antiseptic  treatment  was  con- 
tinued all  through.  With  the  exception  of  a  hypnotic  occasionally  when  his 
nervous  symptoms  required  it  and  a  dose  of  castor  oil  or  cascara  sagrada 
for  his  constipation,  this  was  the  only  medicinal  treatment.  He  got 
none  of  the  usual  remedies  for  anaemia — neither  iron  nor  arsenic  nor 
bone-marrow.  His  blood  was  examined  at  intervals  of  about  a  week 
and  the  result  is  noted  in  the  following  table.  The  treatment,  it  should 
be  said,  began  on  Feb.  3rd." 


Date. 

Red 
Corpuscles. 

Haemoglobin. 

Leucocytes. 

January   29,  . 

797,500 

24  per  cent. 

4520 

February   7,  . 

1,962,500 

44 

4700 

13.  • 

2,340,000 

66  „ 

4500 

23,  . 

3,355>ooo 

66  „ 

5'00 

„       28,  . 

3,700,000 

90  ,, 

5 100 

March     10,  . 

4,360,000 

88  „ 

4500 

20,  . 

4,800,000 

•04 

On  March  20th  (fifty-two  days  after  his  admission  and  forty-five  days 
after  the  commencement  of  treatment)  his  blood  had  practically  reached 
the  normal.^ 

"  It  would  be  a  mistake  to  draw  very  decided  conclusions  from  the 
results  obtained   by  the  serum   treatment  of  one  case,  the  more 

^  On  April  3rd  an  examination  of  his  blood  was  made.  The  red  corpuscles  were 
found  to  be  4.325,000,  haemoglobin  104  per  cent.,  and  leucocytes  5600.  On  April 
i6th  he  was  discharged  from  hospital,  and  on  April  22nd  he  reported  himself  as 
feeling  fit  and  well,  and  looked  in  very  good  health. 
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especially  as  cases  of  pernicious  anosmia  are  so  apt  to  be  intermittent — 
a  fact  which  almost  every  practitioner  who  has  had  experience  of  such 
cases  must  soon  have  noted.  If  a  new  method  of  treatment  is  adopted 
in  those  cases,  we  are  apt  to  think  that  the  particular  treatment  has  been 
the  cause  of  the  improvement.  The  hopes  of  the  profession  have  been 
raised  again  and  again  with  regard  to  this  disease  by  the  announcement  of 
good  results  from  particular  forms  of  treatment.  Arsenic  and  bone-marrow 
have  probably  hitherto  given  the  best  results,  but  although  improvement 
has  been  derived  from  both  forms  of  treatment,  in  many  cases  such 
improvement  has  generally  been  only  temporary,  and  the  disease,  as 
regards  its  ultimate  result,  has  been  one  of  the  most  hopeless.  Whether 
further  experience  of  antistreptococcic  serum  will  confirm  the  result  I 
have  obtained  in  this  case  or  not  time  alone  will  enable  us_  to  judge. 
That  every  case  will  be  benefited  by  this  treatment  I  can  scarcely 
venture  to  hope,  because  the  chances  are  that  the  disease,  even  if  due 
to  a  specific  infective  affection  of  the  gastric  mucosa,  may  not  always 
be  due  to  the  same  species  of  organism  and  may,  as  suggested  by  Dr. 
Hunter,  be  owing  to  '  mixed '  infection.  Judging  from  the  results 
which  have  been  obtained  from  the  use  of  the  antistreptococcic  serum 
in  other  conditions  of  blood  infection,  and  from  what  is  recorded  in 
the  medical  journals,  it  must  be  concluded  that  this  serum  is  not  at 
all  certain  in  its  curative  action.  Whether  this  result  is  due  to  faulty 
serum  placed  upon  the  market,  or,  as  is  more  probable,  to  some  cases 
of  blood-poisoning  being  due  to  '  mixed  infection,'  or  to  there  being 
several  species  of  streptococci  producing  a  poison,  giving  rise  to 
similar  symptoms  but  not  counteracted  by  the  administration  of  the 
antistreptococcic  serum  in  the  market,  further  experience  will  show. 
The  case  recorded  above  is  suggestive,  and  I  believe  this  form  of 
treatment  is  worthy  of  a  further  careful  trial  by  those  who  have  cases  of 
pernicious  aneemia  under  their  care." 

Remarks. — When  one  considers  how  unsatisfactory  the  treatment 
of  cases  of  pernicious  anaemia  has  been  in  the  past,  I  make  no  apology 
for  thus  early  recording  the  results  obtained  in  this  interesting  case. 
Dr.  Hunter,  who  has  done  so  much  in  his  investigations  on  this  disease 
carried  on  for  many  years,  has  arrived  at  the  conclusion  that  the  anjemia 
which  is  such  a  characteristic  symptom  is  only  a  symptom,  and  is  a 
result  of  an  infection  of  the  alimentary  tract.  I  do  not  at  this  time 
intend  entering  into  a  full  discussion  of  the  evidence  which  he  has  so 
ably  brought  forward  in  support  of  his  conclusions,  but  this  case  is  one 
which,  apart  altogether  from  the  result  of  the  treatment,  might  be  used 
by  him  to  further  support  his  views. 

"As  regards  the  primary  cause  of  the  disease  this  case  supports 
Hunter's  views.  The  mouth  and  teeth  could  be  described  as  in  a 
state  of  neglect.    A  large  number  of  teeth  were  carious  and  many  were 
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reduced  to  mere  stumps,  and  he  gave  a  distinct  history  of  having 
had  frequent  gumboils.  The  history  of  discharge  of  pus  into  the 
mouth  extended  back  for  many  years.  He  had  a  history  of  occasional 
bilious  attacks  during  the  previous  six  months,  with  pains  referred  to 
the  costal  margin,  pointing  to  gastric  disturbance,  for  some  time  before 
the  onset  of  his  anaemia,  and  he  gave  a  history  of  having  suffered  from 
an  attack  of  diarrhoea  at  the  onset  of  his  gastric  symptoms.  These 
gastric  and  intestinal  disturbances  are  therefore  also  in  accordance  with 
Hunter's  theory  of  the  cause  of  the  disease." 


< 


PART  VIII.-THE  PHYSIOLOGY  OF  BLOOD 
DESTRUCTION  (HEMOLYSIS). 

 »  

CHAPTER  XXXIII. 
EVIDENCES  OF  HEMOLYSIS. 
Introductory. 

What  evidence  do  we  possess  that  a  destruction  of  blood  is  a 
normal  physiological  process  P— There  is  every  reason,  if  only 
from  analogy  with  the  case  of  all  tissues,  to  believe  that  the 
blood  is  subject  to  changes  both  in  its  corpuscles  and  plasma, 
necessitating  their  renewal  from  time  to  time. 

To  what  extent  is  this  the  case  ?  Where — in  the  blood,  or 
in  certain  organs — is  it  most  exposed  to  such  changes  ;  by  what 
agencies  is  its  destruction  effected  ;  and  what  are  the  conditions 
that  determine  its  amount  ? 

These  constitute  the  problems  comprised  under  the  title 
'  Hiemolysis,'  which  formed  the  subject  of  the  following 
histological,  experimental,  and  chemical  investigations. 

The  evidence  as  to  the  existence  of  a  regulated  haemolysis, 
carried  on  by  certain  agencies,  in  certain  situations,  and  under 
certain  conditions,  precisely  as  is  the  converse  process  of  blood 
formation,  proves,  I  find,  to  be  very  considerable  in  amount. 
It  necessarily  varies,  however,  according  to  the  portion  of  the 
blood  to  which  we  have  regard,  whether  Plasma,  Leucocytes, 
or  Red  Corpuscles.  It  is  greatest  in  the  case  of  the  red  cor- 
puscle— not  at  all  on  account  of  the  intrinsic  importance  of 
the  changes  affecting  red  corpuscles  as  distinguished  from  those 
affecting  the  leucocytes  and  plasma,  but  solely  on  account  of  the 
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prominence  of  their  chief  constituent,  haemoglobin,  and  of  the 
pigments  derived  from  them. 

I.  Pigments. 

Hence  it  is,  that  what  at  first  sight  may  seem  an  altogether 
disproportionate  amount  of  attention  has  to  be  given  to  the  red 
corpuscles — to  the  fate  of  haemoglobin,  and  to  the  fate  of  pigments 
derived  from  hiemoglobin.  Important  evidence  as  to  the  occur- 
rence of  hemolysis  as  a  normal  process  is  derivable  from  a 
study  of  these  Pigments — whether  excreted  in  the  form  of  Bile  or 
Urinary  Pigment,  or  stored  up  as  Blood  Pigment. 

If,  then,  in  the  course  of  these  studies  much  space  is  devoted 
to  pigments,  and  particularly  to  blood  pigment — its  character, 
distribution,  mode  of  formation,  and  ultimate  disposal — it  is  not 
on  account  of  the  importance  of  blood  pigment  as  such,  or  of 
any  lesser  prominence  of  the  products  of  leucocytolysis  or  plas- 
molysis.  It  is  solely  because  I  found  the  points  necessary  to 
elucidate  regarding  haemolysis  could  best  be  elucidated  by  a 
detailed  study  of  the  fate  of  the  red  corpuscles  and  their 
constituent — haemoglobin,  rather  than  by  any  similar  study 
regarding  the  other  constituents  of  the  blood — leucocytes,  or 
the  plasma. 

As  it  has  turned  out,  this  greater  attention  bestowed  on  the 
red  corpuscles  and  their  fate  has  not  tended  to  eclipse  in  any 
way  the  importance  of  the  leucocytes  or  of  the  plasma — quite 
the  contrary.  For  one  of  the  chief  results  of  these  detailed 
studies  regarding  the  mode  of  origin  of  blood  pigment  from 
haemoglobin  has  been,  to  shew  that  in  the  process  of  haemolysis 
all  parts  of  the  blood  are  involved  ;  that  the  changes  which 
affect  the  red  corpuscles  injuriously  are  referable  to  changes  in 
the  plasma  ;  these,  in  turn,  to  the  activity  of  the  leucocytes  ;  and 
these  again  to  the  activity  of  the  mass  of  lymph  follicular 
tissue  of  the  blood  glands,  notably  of  the  gastro-intestinal  mucosa, 
of  the  spleen,  and  of  the  lymph  glands. 

2.  Morphological  Changes  in  the  Corpuscles. 

The  evidences  of  haemolysis  are,  however,  not  confined  to 
pigments,  either  biliary,  urinary,  or  blood.    They  include  also 
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certain  well-marked  morphological  changes  in  the  blood  itself. 
These  changes  are  often  little  marked,  and  might  be  of  doubtful 
significance  in  health  ;  but  they  become  very  prominent  and  sig- 
nificant in  disease  when  the  amount  of  hiemolysis  is  increased. 
They  affect  chiefly  the  red  corpuscles— viz.,  changes  in  shape,  size, 
and  consistence  ;  but  they  also  affect  the  plasma,  which  throws 
down  precipitates  of  nucleo-proteid  matter  in  the  form  of  small 
granules,  spheres,  etc. 

The  chief  changes  referred  to  above,  and  which,  as  stated, 
involve  the  plasma,  the  red  corpuscles,  and  the  leucocytes,  are 
as  follows  : — 

I .  The  formation  of  colourless  albuminous  granules  and  spherules 
of  varying  size,  the  products  of  the  disintegration  of  plasma  and 
of  red  corpuscles,  the  smallest  of  them  closely  resembling  the 
bodies  variously  termed  by  observers  '  haematoblasts  '  (Hayem), 
'blood  plates'  (Bizzozero),  'granule  bodies'  {Kdrnchenbildungen, 
Max  Schultze),  '  elementary  bodies  '  {Elementarkdrperchen,  Zim- 
mermann). 

They  are  derived,  according  to  my  observations,  partly 
from  the  red  corpuscles,  the  protoplasmic  stroma  of  which  can 
be  seen  oozing  out  in  droplets  and  floating  away  free  in  the 
form  of  small  spherules  ;  ^  but  far  more  largely  as  precipitates 
from  the  plasma  itself  A  large  number  of  them  I  therefore 
regard  as  nucleo-proteid  precipitates  (granules)  thrown  down 
from  the  plasma.  The  leucocytes,  so  far  as  my  observations  go, 
are  an  altogether  secondary  and  unimportant  source  of  such 
granules. 

The  relation  between  these  products  of  haemolysis  on  the 
one  hand,  and  the  "  hsematoblasts "  (Hayem),  and  "blood 
plates "  (Bizzozero),  regarded  as  normal  elements  of  the  blood, 
and,  by  the  former,  as  the  precursors  of  the  red  corpuscles,  has 
been  to  me  a  subject  of  much  interest  throughout  these  in- 
vestigations. Without  dealing  with  it  in  detail,  I  may  say 
that  I  have  not  been  able  to  detect  any  essential  or  constant 
difference  between  the  granules  described  above  and  the  blood- 
plates.  Hence  the  question  as  to  the  relation  of  these  blood- 
plates  to  blood  formation,  a  subject  on  which  Hayem  expresses 
himself  with  much  assurance,  I  regard  as  still  an  entirely  open 
one.    I  have  totally  failed  to  satisfy  myself  of  the  existence  of 

1  See  Plate  I. 
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any  such  relationship.  I  regard  them  rather  as  precipitates 
from  the  plasma. 

2.  Small  coloured  microcytes  derived  from  the  red  corpuscles, 
partly  by  a  process  of  oozing  in  the  way  just  described,  but  more 
frequently  and  characteristically  by  what  I  have  for  convenience 
termed  a  process  of  'budding^  (Plate  I.).  The  red  corpuscle 
is  seen  to  become  constricted  at  some  part,  forming  a  small 
bud  identical  in  depth  of  colour  and  appearance  with  the  main 
mass  of  the  corpuscle,  and  the  two  portions  may  frequently  be 
seen  united  for  a  time  by  a  delicate  colourless  process.  This 
change  in  the  red  corpuscle  I  regard  as  very  characteristic  of 
blood  undergoing  destructive  change.  I  never  observed  it  in 
healthy  blood,  but  I  have  found  it  to  be  a  characteristic  and 
notable  feature  of  the  blood  in  pernicious  anaemia.  In  no  way 
can  it  be  better  studied  than  by  gradually  warming  blood  to 
a  temperature  of  45°  or  50°  C,  as  Max  Schultze  first  shewed. 
Under  these  circumstances  the  whole  of  the  red  corpuscle  may 
be  seen  thus  to  break  up,  forming  a  number  of  highly-coloured 
spheres. 

3.  Stroiiiata^  decolorized  red  corpuscles,  the  framework  of 
the  red  corpuscles  freed  from  hsemoglobin  ;  best  studied  after 
injection  of  distilled  water  into  the  blood  ;  albuminous  spheres, 
usually  colourless,  sometimes  retaining  a  little  of  their  haemo- 
globin, homogeneous  throughout,  and  without  obvious  envelope. 

4.  The  stromata  are  to  be  sharply  distinguished  from 
schatten.  These  are  small  vesicles  consisting  of  an  outer 
envelope  enclosing  a  fluid,  and  usually  two  or  three  exceedingly 
minute  particles  of  indistinct  character.  They  are  derived  from 
red  corpuscles,  freed  from  haemoglobin,  the  envelope  being,  I 
consider,  an  artificial  product,  resulting  from  a  chemical  change 
in  the  extreme  outer  portion  of  the  stroma.  I  have  nevei-  found 
this  change  in  the  blood  in  health  ;  it  is  not  a  product  of  normal 
Jiceniolysis.  It  denotes  a  degree  of  change  in  the  blood  such 
as  is  never  found  as  the  result  of  disease,  and  can  only  be 
induced  by  the  action  of  certain  chemical  agents.  The  bodies 
described  are  not  to  be  found  in  the  blood  after  injection  of 
distilled  water,  while  stromata  and  colourless  spherules  are  in 
abundance.  They  are  frequently  found,  however,  in  great 
numbers  after  the  injection  of  strong  chemical  agents,  such  as 
pyrogallic  acid  or  toluylendiamin,  more  especially  the  former. 
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It  was  from  a  study  of  the  distribution  of  these  changes  in 
different  organs  and  portions  of  the  circulation  during  active 
hemolysis  induced  in  various  ways  that  I  obtained  most  informa- 
tion regarding  both  the  nature  and  the  seats  of  haemolysis. 

These  are  the  chief  evidences  of  haemolysis  in  health.  In 
disease,  however,  additional  evidences  of  an  even  more  marked 
character  are  forthcoming. 

They  include : — 

3.  Increased  Excretion  of  Biliary  and  Urinary  Pigment — viz., 

Polycholia  and  Urobilimcria. 

4.  Hcsnioglobinuria. 

5.  Jaundice,  or  icteric  conditions  allied  thereto. 

6.  Anceniia,  including  Oligocythcemia\  marked  variations  in 

size  and  shape  of  the  red  corpuscles — P oikilocytosis ; 
Reduction  in  Hcemoglobin. 

7.  Deposition  of  Pigment  in  the  liver,  spleen,  and  kidney. 

The  significance  of  these  conditions  in  relation  to  haemolysis 
has  already  received  ample  illustration  in  the  course  of  the 
studies  already  recorded  regarding  the  changes  in  disease.  In 
health  the  evidence  of  most  importance  is  that  connected  with 
blood  pigment  and  bile  pigment,  and  that  evidence  will  therefore 
now  be  considered. 

A. — Blood  Pigment  as  an  Evidence  of  Haemolysis. 

This  is  the  pigment  so  frequently  met  with  around  old  ex- 
travasations, and  its  characters  and  the  appearance  it  presents 
have  long  been  familiar  to  every  one.  It  differs  from  the  bile 
and  urinary  pigments  in  two  respects — first,  that  it  is  usually 
found  in  an  amorphous  or  granular  form  ;  and  secondly,  that 
it  retains  all  the  iron  of  the  original  haemoglobin  molecule. 

The  first  circumstance  enables  it  to  be  recognized  by  means 
of  the  microscope.  The  second  also  conduces  to  its  easy  recogni- 
tion and  detection,  since  by  suitable  micro-chemical  methods  the 
iron  it  contains  can  be  made  to  yield  characteristic  colour  re- 
actions. In  the  original  haemoglobin  the  iron  is  so  combined 
as  to  be  unrecognizable  by  the  ordinary  tests.  In  blood  pig- 
ment, on  the  other  hand,  it  is  in  a  more  or  less  free  condition, 
existing  as  a  ferrous  or  ferric  salt,  probably  as  an  albuminate  of 
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iron.  As  such  it  gives  the  usual  reactions  of  iron  salts,  being 
blackened  by  sulphide  of  ammonium,  and  giving  the  Prussian- 
blue  reaction  with  ferrocyanide  of  potassium  and  dilute  hydro- 
chloric acid,  etc. 

Although  the  origin  of  blood  pigment  from  hjemoglobin  is  so 
obvious  as  to  be  beyond  all  dispute,  the  interest  connected  with 
its  genesis  is  by  no  means  thereby  exhausted.  On  the  contrary, 
around  the  apparently  simple  question  of  the  mode  of  origin  of 
blood  pigment  from  haemoglobin,  there  raged  nearly  half  a 
century  ago  a  sharp  controversy,  taken  part  in  by  three  of  the 
most  distinguished  pathologists  of  the  century — i.e.  Henle, 
Virchow,  and  Kolliker  ;  and  the  controversy  cannot  even  yet 
be  said  to  have  terminated. 

It  was  with  regard,  then,  to  the  above  pigment  that  in  the 
course  of  enquiry  I  found  it  necessary  to  study  in  detail  many 
points  which  at  first  sight  appear  of  relatively  little  importance 
— e.g.  in  the  case  of  the  liver  the  situation  of  the  pigment  within 
the  capillaries,  or  within  the  liver  cells  ;  the  differences  in  the 
size  of  the  pigment  and  granules  under  different  circumstances  ; 
the  conditions  under  which  it  appears  in  one  or  other  situation ; 
the  conditions  determining  the  distribution  of  pigment  amongst 
the  various  organs — sometimes  more  in  one,  sometimes  more  in 
another. 

It  was  a  study  of  these  various  points  that  led  me  to 
certain  conclusions  of  importance  regarding  the  significance  to 
be  attached  to  blood  pigment  as  an  indication  of  a  destruction 
of  blood. 

Situations  in  which  Blood  Pignient  is  found. — There  are  three 
chief  situations  in  which,  according  to  my  observations,  blood 
pigment  is  to  be  found,  independently  of  extravasation  or 
congestion — viz.  (i)  Zzwr  (capillaries  and  liver  cells),  (2)  Spleen, 
and  (3)  Bone  marrow ;  occasionally  also  the  Kidney  (cells  of 
convoluted  tubules). 

It  has  been  usual  to  hold  that  the  presence  of  blood  pigment 
(always,  of  course,  apart  from  extravasation  or  congestion)  in 
such  organs  as  the  liver  or  spleen  is  not  only  an  indication  of 
some  previous  destruction  of  blood,  but  also  that  its  amount 
indicates  the  extent  of  that  destruction.  Other  things  being 
equal,  so  it  has  been  held,  the  larger  the  amount  the  greater 
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necessarily  the  previous  destruction.  Such  was  the  view  I  also 
held  at  the  outset  of  my  investigation. 

I  find,  however,  that  this  is  very  far  from  being  the  case. 
On  the  contrary,  the  significance  attachable  to  blood  pigment  as 
an  index  of  haemolysis  varies  very  much  under  different  circum- 
stances. Its  presence  may  denote  not  a  larger,  but,  on  the 
contrary,  a  lessened  hemolysis  ;  while  conversely  its  absence  is 
not  only  compatible  with,  but  may  indeed  indicate  increased 
haemolysis. 

In  the  case  of  mammals,  in  health,  it  may  almost  be  said  that 
the  amount  of  blood  destruction  has  been  inversely  proportional 
to  the  amount  of  blood  pigment  present  in  the  spleen  and  the 
capillaries  of  the  liver. 

Consideration  of  mere  quantities  alone,  apart  from  that  of 
its  character  and  situation,  may  thus  lead  to  entirely  erroneous 
conclusions  regarding  the  extent  of  the  destructive  changes. 

Two  different  processes  may,  I  find,  be  distinguished  in  the 
blood,  each  of  which  may  lead  to  a  formation  of  blood  pigment 
— one  of  them  denoting  active  haemolysis,  the  other  the 
absence  of  such  haemolysis.  These  may  be  designated  (i)  Acute 
Hcemocytolysis  and  (2)  Chronic  Hcemocytolysis. 

Curiously  enough  it  is  the  latter  process  that  leads  to  the 
formation  of  most  blood  pigment. 

The  changes  in  the  red  corpuscles  that  precede  a  formation 
of  blood  pigment  in  the  two  cases  are  different. 

(i)  Chponie  Hsemoeytolysis. — This  process  is  marked  by  a 
gradual  decay  of  the  red  corpuscles.  They  become  spherical, 
deepen  in  colour,  and  retain  their  haemoglobin  to  the  last.  In 
this  form  they  continue  to  circulate  until  finally  they  are  enclosed 
within  the  active  cells  of  the  spleen,  or  leucocytes  of  the  blood,  and 
are  stored  up  within  the  spleen  or  in  the  capillaries  of  the  liver. 

Within  these  cells  their  haemoglobin  becomes  transformed 
into  blood  pigment ;  and  the  pigment  so  formed  is  characterized 
generally  by  the  varying  size  of  its  granules,  and  by  the  large- 
ness of  at  least  some  of  them,  corresponding  as  they  do  in  size 
to  that  of  the  original  red  corpuscle.  The  large  size  of  such 
pigment  granules  is  best  seen  in  animals  possessing  large 
corpuscles— birds,  frogs.  It  is  this  process  that  leads  to  the 
formation  of  the  larger  particles  and  clumps  of  pigment  in  the 
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capillaries  of  the  liver  in  frogs,  birds  and  mammals  ;  and  also 
in  the  spleen  of  old  mammals  and  after  transfusion.  (See 
figs.  12,  13,  p.  133;  fig.  I.Plate  V,;  and  fig.  i,  Plate  VII.) 

The  particular  points  to  be  noted  about  this  process  are : — 
( I )  That  the  whole  of  the  hcsuioglobin  of  the  corpuscle  is  converted 
into  blood  pigment ;  and  (2)  that,  as  regards  the  liver,  the  pigment 
so  formed  is  found  witJmi  the  capillaries,  and  never  luithin  the 
liver  cell. 

The  conditions  favourable  to  such  a  mode  of  death  of  the  red 
corpuscle  are  for  the  most  part  negative.  They  are  such  as  old 
age,  abstinoice  from  food,  zuant  of  exercise — in  short,  conditions 
implying  a  relative  inactivity  of  the  cells  of  the  body.  The 
red  corpuscle,  it  may  be  said,  dies  a  slow  natural  death. 

(2)  Aeute  Hsemocytolysis. — The  second  process  is  marked  by 
a  different  series  of  phenomena.  The  first  of  these  is  a  libera- 
tion of  haemoglobin  from  the  corpuscle.  It  escapes  from 
the  corpuscle,  either  alone,  or  in  combination  with  the 
albuminous  stroma.  Its  fate  is  not,  as  in  the  former  case, 
to  be  taken  up  by  splenic  cells  or  leucocytes  within  the  blood ; 
but  it  is  carried  to  the  liver  in  the  portal  blood,  whence  it  is 
taken  and  broken  up  by  the  liver  cells.  The  chief  result  is  a 
formation  of  bile  pigments,  not  of  blood  pigment.  A  formation 
of  blood  pigment  does  not  necessarily,  in  my  opinion,  attend  the 
breaking  up  of  hzemoglobin  by  the  liver  cell  in  mammals. 

It  is  in  this  respect  that  the  above  process  differs  most 
materially  from  the  one  first  described.  In  that,  the  whole 
or  greater  part  of  the  h?emoglobin  is  transformed  into  blood 
pigment ;  in  this  process,  on  the  other  hand,  little  or  no  blood 
pigment  may  be  formed,  the  chief  result  being  bile  pigment. 
Although  the  splitting  up  of  haemoglobin  within  the  liver  cell 
is  not  necessarily  attended  by  a  formation  of  blood  pigment, 
such  a  formation  may,  and  in  many  cases  does,  take  place : 
sometimes  to  a  very  large  extent,  both  in  health  (birds  and 
mammals),  and  still  more  markedly  in  disease  (pernicious 
anaemia,  action  of  certain  poisons).  In  that  case,  however,  only 
a  part  of  the  haemoglobin  molecule  is  converted  into  blood 
pigment ;  and  the  pigment  so  arising  may  be  distinguished  by 
certain  features — namely,  the  small  and  more  or  less  uniform 
size  of  its  granules.     It  is  only  pigment  of  this  kind  that  is 
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found  within  the  liver  cell.  (Fig.  2,  Plate  V.;  and  Plates  III., 
VI.,  VIII.,  IX.,  and  X.) 

A  liberation  of  haemoglobin  from  the  red  corpuscles  implies 
the  existence  of  conditions  of  the  plasma  to  a  certain  degree 
unfavourable  to  the  red  corpuscles.  These  conditions  are  such 
as  are  induced  during  the  absorption  of  the  products  of 
digestion,  when  the  activity  of  cells  within  the  blood  and  within 
the  blood  tissues  (lymphoid  tissues)  is  at  its  greatest.  The 
death  of  the  red  corpuscle  is  thus  an  acute  process,  as  compared 
with  the  slow  decay  characterizing  the  first-mentioned  process. 

Summary. — I  am  thus  led  to  recognize  that  two  diametri- 
cally opposed  processes  in  the  blood  may  lead  to  the  formation 
of  blood  pigment,  one  of  them  marking  the  absence  of  changes 
in  the  blood — an  absence  of  haemolysis  ;  the  other  as  definitely 
marking  great  activity  within  the  blood — e.g.  active  haemolysis. 

Since  the  object  of  our  study  is  to  ascertain  what  it  is  that 
affects  the  blood  as  a  whole,  and  not  any  one  particular  element 
of  it,  it  will,  I  think,  be  clear  that  it  is  only  the  latter  process 
which  invites  attention.  It  alone  affects  the  blood  as  a  whole, 
the  former  being  unattended  by  general  changes  in  the  blood, 
but  rather  marking  the  absence  of  such  changes.  It  is  the 
changes  in  the  red  corpuscles  connected,  then,  with  acute 
haemocytolysis  that  especially  deserve  our  consideration. 

I  consider  then  that  the  mere  amount  of  blood  pigment, 
apart  from  its  character  and  situation,  is  no  reliable  index  of 
the  amount  of  haemolysis.  The  slow  death  of  the  corpuscles,  by 
favouring,  in  the  way  above  described,  the  conversion  of  the  whole 
of  the  haemoglobin  into  blood  pigment,  may  lead  to  the  formation 
of  much  blood  pigment  in  spleen,  capillaries  of  liver  and  marrow. 
Anything,  on  the  other  hand,  that  favours  the  liberation  of 
haemoglobin  favours  the  destruction  of  the  haemoglobin  by  con- 
version into  bile  pigment,  and  its  removal  from  the  body  with- 
out necessarily  any  formation  of  blood  pigment  at  all.  The 
increase  of  blood  pigment  in  the  spleen  and  capillaries  of  the 
liver  commonly  met  with  as  age  advances  is  not,  then,  in  my 
judgment,  an  evidence  of  increased  haemolysis,  but  rather  an 
evidence  of  lessened  haemolysis.  Conversely,  the  absence  of  such 
pigment  {e.g.  in  health,  in  young  mammals)  is,  on  the  other 
hand,  not  only  quite  compatible  with   a   very  considerable 
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haemolysis,  but,  properly  regarded,  may  be  considered  to  be 
important  evidence  of  such  haemolysis,  since  it  denotes  that  the 
red  corpuscles  have  not  been  allowed  time  to  undergo  a  process 
of  natural  decay. 

B. — Bile  Pig-ment  as  an  Evidence  of  HEemoIysis. 

Origin  from  Hcenioglobin. — As  regards  the  Bile  pigment,  all 
evidence  points  to  {a)  Hcemoglobin  as  its  source;  and  (^)  the 
Liver  as  the  seat  of  its  formation. 

(1)  It  has  been  fully  established  by  Virchow,  Jaffe,  Langhans, 
Hoppe-Seyler,  Cordua,  and  Quincke,  that  the  crystalline  pig- 
ment— h?ematoidin — so  frequently  found  in  old  blood  extra- 
vasations is  chemically  identical  with  bilirubin,  the  chief 
pigment  of  the  bile.  Some  of  the  pigments  causing  the 
characteristic  discolorations  of  bruises  are  indistinguishable 
in  character  and  reactions  from  bilirubin  and  biliverdin 
(Langhans,  Cordua,  and  Quincke). 

Under  certain  conditions,  therefore,  such  as  those  abov-e 
referred  to,  the  haemoglobin  of  the  blood  undergoes  changes 
leading  to  the  formation  of  pigments  closely  resembling,  if 
not  identical  with,  the  chief  pigments  of  the  bile. 

(2)  The  close  relation  between  haemoglobin  and  the  bile 
pigments  becomes  still  more  clear  when  we  consider  the  close 
connexion  (Hermann,  Nothnagel,  Kuhne,  Tarchanoff,  Stadel- 
mann,  and  Afanassiew)  between  an  increased  destruction  of 
haemoglobin  on  the  one  hand,  and  an  increased  formation  of 
bile  pigments  on  the  other.  When  haemoglobin  is  injected 
into  or  set  free  in  the  blood,  it  is  followed  by  an  increased 
excretion  of  bile  pigments  (Stadelmann,  Tarchanoff).  So 
immediate  and  close  is  this  relation,  that  an  attempt  has  even 
been  made  (Stadelmann) — hitherto,  it  is  true,  with  but  partial 
success — to  prove  that  it  is  quantitative  as  well  as  qualitative, 
and  that  the  increase  in  the  excretion  of  bile  pigments  is  pro- 
portional to  the  quantity  of  haemoglobin  set  free.  Haemoglobin 
is  thus  the  source  of  the  bile  pigments  daily  excreted  in  health. 

To  what  extent  is  this  an  evidence  of  a  daily  haemolysis? 
The  daily  formation  of  bile  pigments  derived  from  haemoglobin 
affords  presumptive  evidence  of  a  certain  amount  of  wear  and 
tear  of  the  haemoglobin  of  the  blood.    This,  however,  does  not 
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necessarily  point  to  a  daily  destruction  of  blood.  For,  as  I 
have  just  shewn,  a  certain  amount  of  haemoglobin  may  become 
effete— in  the  process  of  slow  decay  of  red  corpuscles — without 
the  plasma  or  leucocytes  participating,  that  is  to  say,  without 
the  occurrence  of  any  destructive  change  in  the  blood  as  a 
whole  (haemolysis).  If  bile  pigments  can  be  formed  in  this 
process — if  the  haemoglobin  thus  rendered  effete  is  sufficient  to 
give  rise  to  all  the  bile  pigment  daily  excreted— it  is  clear  that 
bile  pigment  need  not  necessarily  be  an  indication  of  a  daily 
destruction  of  blood.  It  may  be  only  an  evidence  of  a  certain 
slow  decay  of  red  corpuscles  (chronic  haemocytolysis). 

According  to  Quincke  this  is  precisely  what  occurs.  The 
normal  fate  of  red  corpuscles  according  to  him  is  that,  after  a 
life  duration  extending  for  a  period  of  from  two  to  three  weeks, 
they  are  taken  up  by  the  white  cells  of  the  blood  and  deposited 
in  the  capillaries  of  the  liver,  spleen,  and  bone  marrow.  Within 
these  cells  their  haemoglobin  is  transformed  into  various  products 
of  an  albuminate  nature,  partly  coloured,  partly  colourless  ;  and 
these  are  afterwards  used  up  in  forming  new  red  corpuscles,  or 
got  rid  of  by  being  excreted  through  the  liver  cells.  Presum- 
ably during  these  changes — although  as  to  this  Quincke  says 
nothing — the  bile  pigments  are  also  formed. 

It  thus  becomes  a  matter  of  importance  to  ascertain  by 
which  of  the  two  processes  in  the  red  corpuscles  above 
described — the  slow  decay  or  the  active  destruction — the  forma- 
tion of  bile  pigment  is  subserved. 

A  large  weight  of  evidence — more  particularly  that  adduced 
by  Minkowski  and  Naunyn — points  to  the  liver  as  the  seat  of 
formation  of  bile  pigment  from  haemoglobin.  Within  the  liver, 
however,  there  are  two  possible  seats  of  this  transformation — the 
blood  capillaries  and  tlie  liver  cells. 

This  being  the  case,  the  question  now  before  us  resolves 
itself  into  one  as  to  the  relative  importance  of  the  capillaries 
and  the  liver  cells  themselves  as  seats  of  formation  of  bile 
pigment. 

Capillaries  of  Liver,  or  Liver  Cells,  as  scats  of  Origin  of 
Bile  Pigment. — It  may  appear  at  first  sight  a  matter  of  in- 
difference, precisely  where  within  the  liver  the  transformation 
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of  haemoglobin  into  bile  pigment  takes  place — whether  within 
the  capillaries,  through  the  agency  of  leucocytes  or  endothelial 
cells,  or  within  the  liver  cells  themselves.    I  have  not  found  it  so. 

On  the  contrary,  I  have  found  it  necessary,  in  the  course 
of  these  studies  to  distinguish,  as  clearly  as  possible,  between 
processes  carried  on  within  the  liver  cells,  and  those  occurring 
within  the  capillaries  through  the  agency  of  the  large  mass  of 
leucocytes  contained  within  them. 

In  illustration  two  experiments  (33  and  34,  p.  375),  in  which 
a  large  quantity  of  ultramarine  blue  in  suspen.sion  was  injected 
directly  into  the  circulation  of  rabbits  duly  anaesthetized,  may 
be  cited.  The  pigment  was  very  abundant  in  the  liver — more 
abundant,  indeed,  than  in  any  other  organ,  excepting  the  lungs. 
Even  during  the  injection,  the  liver,  on  being  exposed,  could  be 
.seen  to  become  markedly  blue.  On  examination,  most  of  the 
pigment  was  found  within  leucocytes ;  not  a  single  particle 
could  be  found  within  the  liver  cells. 

The  arrest  of  this  pigment  and  its  accumulation  within  the 
liver  was,  therefore,  due  entirely  to  the  activity  of  leucocytes 
and  kindred  cells,  endothelial  and  otherwise — not  to  the  action 
of  the  liver  cells  themselves.  We  are  not  justified  in  speaking 
of  such  a  function  of  the  liver  as  on  a  parallel  with  hepatic 
functions  proper — e.g.  the  glycogenic.  The  two  are  not  even 
comparable  with  one  another  in  importance.  The  one  is  carried 
out  exclusively  by  cells  of  leucocyte  and  endothelial  nature  ; 
the  other  by  the  liver  cells  proper.  The  only  circumstance 
common  to  both  is  that  they  are  carried  out  within  one  organ. 

So  with  this  conversion  of  haemoglobin  into  bile  pigment. 
If  it  can  be  effected  equally  well  by  leucocyte  or  liver  cell — if, 
as  Quincke,  Minkowski  and  Naunyn  seem  to  maintain,  from  the 
importance  they  attach  to  the  pigment  cells  within  the  capil- 
laries, these  cells  play  the  chief  role  in  the  formation  of  bile 
pigment — then  the  formation  of  bile  pigment  would  cease  to  be 
exclusively  a  hepatic  function.  There  would  be  no  reason  why 
it  might  not  be  carried  out  in  other  organs  of  the  body  equally 
rich  in  such  cells — for  example,  the  spleen,  where  such  pigment 
cells,  as  will  be  afterwards  seen,  are  very  common. 

Pigment  Cells  as  the  Seat  of  Origin  of  Bile  Pigment. — When, 
passing  from  these  more  general  considerations,  we  come  to 
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the  facts  themselves,  we  find  as  follows :  First  of  all,  I  consider 
it  undoubted  that  cells  of  leucocyte  and  connective  tissue  nature 
do  possess  a  certain  power  of  forming  pigments  from  liJEmoglobin, 
apparently  identical  with  those  of  the  bile. 

The  observations,  already  referred  to,  of  Langhans,  Cordua, 
and  Quincke  are  conclusive  on  this  point.  Langhans  clearly 
shewed  that  the  pigments  causing  the  well-known  colours  of 
bruises — subcutaneous  extravasations — are  of  the  same  nature 
as  those  of  the  bile.  Even  more  clearly,  if  possible,  has  this 
been  demonstrated  by  Minkowski  and  Naunyn.  They  have 
shewn  that  a  green  pigment,  giving  the  reactions  of  biliverdin, 
may  be  found  in  the  pigment  cells  within  the  liver  capillaries 
in  the  goose.  They  found,  moreover,  that  when  they  induced 
an  increased  destruction  of  blood,  by  exposing  these  animals  to 
the  fumes  of  arseniuretted  hydrogen,  the  consequent  increased 
formation  of  bile  pigments  went  hand  in  hand  with  the  appear- 
ance of  large  numbers  of  these  cells  in  this  situation.  Some- 
times only  a  single  particle  amidst  the  blood  pigment  within 
these  cells  gave  the  green  reaction  of  biliverdin  ;  at  other  times 
the  whole  cell  substance  appeared  green.  They  conclude,  then, 
that  these  pigment  cells  take  a  part,  if  not  indeed,  the  major 
part,  in  the  formation  of  bile  pigments  from  effete  haemoglobin, 
a  conclusion  that  would  seem,  under  the  circumstances,  to  be 
amply  justified. 

Such  a  view  as  to  the  mode  and  seat  of  formation  of  bile 
pigment  agrees,  in  all  points,  with  the  view  held  by  Quincke  as 
to  the  ordinary  mode  of  death  of  the  red  corpuscles  (v.  p.  367). 

Liver  Cells  as  the  Seat  of  Formation  of  Bile  Pigment. — My 
observations,  however,  lend  no  support  to  the  view  that  such  a 
method  of  formation  of  bile  pigment  is  even  a  common  one  ; 
still  less,  the  usual  one  in  health.  On  the  contrary,  they  point 
to  the  liver  cell  itself  as  the  seat  of  formation  of  bile  pigment. 

First  of  all,  I  consider  that  mistake  has  arisen  from  directing 
attention  too  exclusively  to  one  group  of  animals,  and  applying 
the  results  thus  obtained  to  animals  of  another  group.  This 
mistake  has  been  made,  in  some  degree  at  least,  both  by 
Naunyn  and  Minkowski,  and  by  Quincke.  The  former  based 
their  conclusions  too  exclusively  on  their  observations  on  the 
goose;  the  latter  on  his  observations  on  the  dog. 
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Now  in  both  these  animals  the  presence  of  a  certain  number 
of  pigment  cells  in  the  capillaries  of  the  liver  is,  in  my  experience, 
the  rule;  while,  according  to  my  observations,  in  most  classes 
of  animals — in  the  rabbit,  cat,  guinea-pig,  pig,  and  in  man — 
the  presence  of  such  cells  is  the  exception,  this  being  also  the 
case  in  all  young  mammals,  including  even  the  dog.  Individual 
differences  exist  in  different  animals  in  this  respect,  dependent 
mainly  upon  different  conditions  of  life  and  individual  differ- 
ences in  the  resisting  power  of  the  red  corpuscles — a  resistance 
which  also  admittedly  varies  in  different  animals. 

In  the  rabbit,  for  example,  I  have  time  after  time  examined 
the  liver  without  finding  a  single  pigment  cell  in  its  capil- 
laries. Their  presence  is  indeed  the  exception.  Neverthe- 
less, the  excretion  of  bile  pigment  in  the  rabbit — as,  indeed, 
in  all  herbivora — is,  to  say  the  least,  fairly  abundant.  The 
daily  excretion  of  bile  is,  indeed,  greater  in  the  herbivora  than 
in  the  carnivora.  According  to  Bidder  and  Schmidt,  in  the 
cat  and  dog  it  is  approximately  15  c.c.  and  19  c.c.  per  kilo  of 
weight  respectively,  in  the  rabbit  and  guinea-pig  it  is  136  c.c.  and 
175  c.c.  per  kilo  respectively.  With  such  an  abundant  excretion 
of  bile,  containing  a  considerable  percentage  of  bile  pigments,  one 
might  reasonably  expect  to  find,  at  least,  some  pigment  cells  in 
the  capillaries  of  the  liver,  if  pigment  cells  are  the  seat  of 
formation  of  bile  pigment.  Still  more  might  this  be  expected 
when  it  is  borne  in  mind  how  permanent  such  blood  pigment  is, 
lasting,  as  it  frequently  does,  for  week.s,  months,  and  even  years. 
Yet  none  is  present. 

Conclusion. — I  am  compelled,  therefore,  to  conclude  either 
that  the  mode  of  formation  of  bile  pigments  may  vary  in 
different  animals,  being  effected  sometimes  through  the  agency  of 
pigment  cells  (leucocytes  and  cells  generally),  sometimes  through 
the  agency  of  the  liver  cells  ;  or  that  its  formation  by  the 
former,  when  it  does  occur,  is  altogether  unimportant  and  insig- 
nificant, the  constant  seat  of  this  process  being  within  the  liver 
cell  itself.  The  first  conclusion  seems  to  me  altogether  untenable, 
if  only  on  general  grounds.  It  appears  altogether  improbable 
that  a  function,  .so  characteristic  of  the  liver  as  the  formation  of 
bile  pigments,  should  be  discharged,  not  by  the  special  glandular 
structure — the  liver  cell — but  by  ordinary  cells  of  leucocyte  and 
endothelial  nature  lying  adjacent  to  it.    On  such  a  view,  one 
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would  expect  the  spleen  to  be  as  much  the  seat  of  formation  of 
bile  pigment ;  since  not  only  are  its  cells  in  closer  relation  to  the 
blood  than  those  of  the  liver,  but  the  spleen  is  generally  a 
repository  of  blood  pigment  to  a  far  greater  extent  than  the 
liver.  Even  Minkowski  and  Naunyn,  however,  have  failed  to 
find  any  trace  of  biliverdin  in  the  pigment  cells  of  the  spleen. 
So  far  as  pigment  cells  are  concerned,  the  evidence  is  thus 
negative  or  inconclusive. 

My  own  observations  point  on  the  contrary  to  the  liver  cells 
as  the  seat  of  this  transformation,  and  to  free  hjemoglobin  as  the 
immediate  source  of  the  bile  pigment — and  that,  too,  not  only 
in  mammals,  but  also  in  birds. 

In  my  experience,  nothing  more  clearly  indicates  an  acute 
haemocytolysis  with  liberation  of  haemoglobin  than  the  presence 
of  minute  granules  of  blood  pigment  in  the  liver  cells,  more 
especially  in  those  of  the  portal  zone  of  the  hepatic  lobule.    I  find, 

(1)  That  an  increased  formation  of  bile  pigments  is  more 
frequently  associated  with  an  increased  deposit  of  blood  pig- 
ment zuithin  the  liver  cells  than  it  is  with  an  increase  of  pigment 
cells  within  the  capillaries. 

(2)  Further,  such  an  increased  formation  is  frequently 
attended  by  an  increase  of  blood  pigment  in  the  liver  cells, 
without  a  particle  of  pigment  or  a  single  pigment  cell  being 
discoverable  within  the  capillaries. 

(3)  Lastly,  as  already  seen,  the  presence  of  pigment  cells 
within  the  capillaries  of  the  liver  is  the  exception  in  certain 
classes  of  animals. 

From  these  observations  I  therefore  conclude  that  it  is  within 
the  liver  cells,  and  not  in  the  capillaries,  that  bile  pigment  is 
formed  from  haemoglobin.  And  inasmuch  as  in  my  experience 
the  red  corpuscles  never  pass  bodily  into  the  liver  cell,  the 
haemoglobin  thus  transformed  must  have  escaped  from  the  red 
corpuscles  before  passing  into  the  liver  cells.  In  short,  the 
immediate  source  of  the  bile  pigment  is  not  blood  pigment,  but 
free  hjEmoglobin  ;  and  hence  the  daily  formation  of  bile  pigment 
must  be  regarded  as  implying  a  certain  daily  acute  hcsmocytolysis. 

Although,  then,  I  do  not  absolutely  deny  to  pigment  cells  of 
leucocyte  and  connective-tissue  nature  the  power,  under  certain 
circumstances,  of  forming  pigments  similar  to  the  bile  pigments 
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from  hsemoglobin,  I  am  of  opinion,  for  the  reasons  above  stated, 
that  such  a  mode  of  origin  of  the  bile  pigments  is  altogether 
of  secondary  importance.  TJie  chief  seat  of  their  forviation 
IS  the  liver  cell.  Not  only  are  such  pigment  cells  frequently 
absent  from  the  tissues  of  animals  in  which  an  undoubted  and 
even  a  largely  increased  formation  of  bile  pigments  is  taking 
place  ;  but  also,  what  is  even  more  significant,  a  largely  increased 
formation  is  frequently  marked  by  an  increase  of  the  blood 
pigment  in  a  situation  where  it  can  only  be  derived  from  free 
haemoglobin,  namely,  within  the  liver  cell.  Such  an  escape  of 
haemoglobin  from  the  red  corpuscle  into  the  plasma  of  the  blood 
denotes  some  process  at  work  in  the  blood,  leading  to  the 
disintegration  of  a  certain  number  of  red  corpuscles  daily — an 
acute  hsemocytolysis — and,  inasmuch  as  the  formation  of  bile 
pigments  is  a  constant  daily  process,  it  follows  that  the 
haemocytolysis  which  supplies  the  necessary  haemoglobin  must 
be  of  no  less  constant  daily  occurrence. 


CHAPTER  XXXIV. 


THE  SPLEEN  AS  A  SEAT  OF  HEMOLYSIS. 

Introductory. —  Haemolysis  is  thus,  according  to  the  preceding 
studies,  not  the  slow  chronic  process  we  had  hitherto  supposed, 
but  an  altogether  more  acute  process,  of  daily  occurrence,  involv- 
ing the  liberation  of  a  certain  quantity  (however  small)  of  free 
haemoglobin. 

I  have  now  to  consider  where  this  change  occurs — whether 
in  the  blood  generally,  or  in  some  particular  organ. 

In  this  relation  the  first  organ  which  naturally  suggests  itself 
as  the  probable  seat  of  haemolysis  is  the  Liver.  The  bile  pig- 
ments are  formed  by  the  liver,  being  derived  within  that  organ 
from  haemoglobin.  The  liver  is  the  chief  seat  of  deposition 
of  blood  pigment  in  certain  diseases — e.g.  pernicious  anaemia. 
It  is  also,  in  certain  cases  (see  Plates  IX.  and  X.),  the  seat  of 
deposit  of  pigment  when  an  increased  destruction  of  blood  has 
been  brought  about  experimentally.  Where  more  likely  than 
within  the  liver  does  this  destruction  take  place  ?  And  so,  hither- 
to, the  liver  has  been  regarded  as  probably  the  chief  seat  of 
h^emolytic  changes. 

Next  to  the  liver  the  Spleen  suggests  itself,  and,  if  anything, 
with  claims  which  appear  to  rival  those  of  the  liver.  Blood 
pigment  in  greater  or  less  amount  is  an  almost  constant  con- 
stituent of  splenic  tissue ;  and  the  structure  of  this  organ,  along 
with  the  peculiarities  of  its  circulation,  seems  specially  favour- 
able to  the  action  of  its  cells  on  the  blood  circulating  through  its 
meshes,  and  possibly  therefore  to  the  destruction  of  some  of  the 
blood  elements.    (See  p.  146.) 

The  determination  of  the  exact  role  of  the  Liver  and  Spleen 
in  haemolysis  I  found  to  be  one  of  the  most  difficult  portions 
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of  my  investigation.  The  requisite  data  for  deciding  the  matter 
one  way  or  another  were  wanting. 

The  questions  raised  were  of  the  following  nature  : 
With  regard  to  the  significance  of  the  simplest  and  com- 
monest evidence  of  haemocytolysis — namely,  Blood  Pigment — 

(1)  How  far  did  its  presence — e.g.  within  the  liver,  spleen, 
or  other  organ — denote  that  particular  organ  as  the  site  of  the 
antecedent  hemolysis? 

(2)  How  far  did  its  distribution  between  such  organs — its 
greater  abundance  in  one  or  other — denote  the  relative  activity 
of  these  organs  in  the  haemolysis  ? 

(3)  How  far  indeed  did  its  presence  denote  any  haemolysis  at 
all  ?  Might  it  not — e.g.  in  the  case  of  the  spleen — be  merely  an 
evidence  of  a  '  scavenging '  function  on  the  part  of  that  organ, 
as  distinguished  from  any  haemolytic  function  ;  might  it  not  even 
be,  as  suggested  by  Von  Wittich,  the  result  of  capillary  extra- 
vasations of  blood  in  the  delicate  splenic  tissue  itself? 

To  these  various  questions,  some  very  definite  answers  have 
been  supplied  by  the  studies  here  recorded. 

1.  Blood  Pigment  of  Spleen  not  the  result  of  Congestion 

or  Extravasation. 

The  pigment  within  the  splenic  pulp  is,  I  find,  in  no  way 
due  to  the  occurrence  of  capillary  extravasations  of  blood,  as 
suggested  by  Von  Wittich.  If  such  were  the  case  it  ought  to  be 
specially  abundant  in  the  chronically  congested  spleen  of  cardiac 
or  hepatic  disease.  I  have  found,  on  the  contrary,  that  such 
spleens  are  often  singularly  free  from  blood  pigment. 

2.  Hsemolytie  Function  of  Spleen  no  mere  Scavenging  One. 

The  blood  pigment  so  often  found  has  not  accumulated  in 
the  spleen  merely  as  the  result  of  the  scavenging  function  of  the 
cells  of  that  organ. 

If  such  were  the  case,  the  liver  ought  invariably  to  contain 
an  equal,  or  even  greater,  amount  of  pigment ;  whereas  what  one 
finds  is  that  the  spleen  may  be  loaded  with  pigment  while  the 
liver  contains  none.  So  far  as  a  mere  scavenging  function  towards 
inert  particles  is  concerned,  the  liver  is  a  far  more  important 
organ  than  the  spleen. 
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Thus  after  injection  of  carmine  or  ultramarine  blue  into  the 
blood,  the  pigment  particles  are  to  be  found  in  large  masses 
within  the  capillaries  of  the  liver,  chief!)'  in  the  portal  capillaries, 
while  not  a  twentieth  or  even  a  fiftieth  part  of  the  quantity  is  to 
be  found  in  the  spleen. 

Exp.  33  :  Rabbit :  2  grammes  of  ultramarine  blue  suspended  in 
10  CO.  of  a  I  per  cent,  saline  solution,  injected  into  jugular  vein.  Death 
half  an  hour  later. 

Blood. — Sliewed  no  pigment. 

Spleen. — Looks  normal :  no  naked  eye  change.  Microscopically 
shews  only  a  few  pigment  particles. 

Liver. — Markedly  blue  from  pigment :  contains  a  very  large 
quantity  of  blue  pigment  lying  within  leucocytes  in  capillaries ; 
none  in  the  liver  cells. 

Lungs. — ATuch  pigment. 

JExp.  34  :  Small  quantity  of  ultramarine  blue,  suspended  in  saline 
solution,  injected  into  jugular  vein.  Twenty-four  hours  later,  animal 
killed. 

Spleen. — Shrunken  and  contracted.  Examination  shews  a 
very  few  blue  granules  lying  in  pulp. 

Liver. — Considerable  quantity  of  blue  particles,  lying  not  in 
liver  cells,  but  within  leucocytes  and  endothelial  cells. 

Bone  Marrow. — Very  few  blue  particles. 

The  same  applies,  I  find,  not  only  to  inert  particles  introduced 
into  the  blood,  but  also  to  stromata  and  other  morphological 
remains  of  red  corpuscles  formed  during  active  haemolysis. 
After  injection  of  distilled  water  in  large  quantity,  colourless 
granules  and  spherules  (stromata)  in  the  spleen  are  absolutely 
and  relatively  few ;  while  in  the  capillaries  of  the  liver  they  are 
in  extraordinary  abundance.  The  conditions  are  more  favour- 
able to  their  arrest  in  the  capillaries  of  the  liver  than  in  the 
spleen. 

Exp.  88:  Rabbit:  24th  Feb.  1888:  70  c.c.  of  distilled  water 
injected  into  jugular  vein.  Two  hours  later  contents  of  bladder 
almost  pure  haemogkjbin. 

Portal  Vein. — Red  corpuscles  look  pale,  but  no  granules. 
Splenic  F^/V/.— Red  corpuscles  look  pale,  but  no  granules ;  a 
few  red  corpuscles  seen  budding. 

Spleen. — Shews  a  few  red  corpuscles  budding. 
Z/wr.— -Marked   polycholia ;  whole  of  upper  intestine  filled 
with  yellow  bile.    Liver  sheivs  most  evidence  of  blood  destruction^. 
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viz.,  great  number  of  decolorized  spherules,  some  of  them  the  size  of 
red  corpuscles,  others  smaller ;  some  still  shewing  a  yellowish  tinge. 
In  addition,  smaller  yellow  spherules  in  extraordinary  number. 

In  the  spleen,  on  the  other  hand,  the  red  corpuscles  are  almost 
all  normal,  only  a  few  shewing  buds ;  there  is  very  little  granular 
debris,  and  only  a  few  pale  spherules. 

How,  then,  is  the  large  excess  of  pigment  of  the  spleen  in 
certain  cases  (e.^:  after  transfusion),  without  any  increase  in  the 
liver,  to  be  explained?    (Plate  VII.  fig.  i.) 

According  to  Quincke  the  manner  of  death  of  red  corpuscles 
after  transfusion  is — that  they  gradually  lose  their  elasticity, 
become  effete,  are  taken  up  by  leucocytes,  and  ultimately 
deposited  within  the  capillaries  of  the  liver  and  in  the  spleen. 

If  such  a  description  were  the  whole  truth,  the  role  of  the  spleen 
would  be  a  comparatively  passive  one.  The  spleen  would 
merely  be  the  repository  of  the  pigment  conveyed  to  it ;  and  a 
proportional — or  even  larger — amount  of  pigment  should  always 
be  found  in  ^Ae  capillaries  of  the  liver.  According  to  my  experi- 
ments, however,  after  transfusion  large  quantities  may  be  found 
within  the  spleen,  while  little  or  none  is  present  within  the  liver. 
Even  the  little  that  is  present  may  be  solely  confined  to  the  liver 
cells,  and  absent  from  the  capillaries — a  distribution  denoting, 
for  reasons  I  have  already  given,  that  the  death  of  the  corpuscles 
has  not  been  a  slow  decay;  for  in  that  case  pigment  would,  like 
the  ultramarine  particles,  be  found  in  the  liver  capillaries.  The 
role  of  the  spleen  is  by  no  means  the  passive  one  thus  ascribed 
to  it 

I  conclude,  then,  from  the  presence  of  much  pigment  in 
the  spleen,  when  none  is  to  be  found  in  the  capillaries  of  the 
liver,  that  the  slow  mode  of  death  above  described  by  Quincke 
does  not  represent  what  actually  takes  place. 

The  role  of  the  spleen  in  removing  red  corpuscles  from  the 
circulation  is  not  the  relatively  subordinate  scavenging  one 
ascribed  to  it. 

3.  Active  Hsemolytie  Functions  of  the  Spleen. 

It  is  more  active,  as  shewn  in  other  ways.  Thus  I  find  that 
the  cells  of  the  spleen  have  the  power  of  arresting  red  corpuscles 
before  these  latter  have  undergone  sufficient  change  to  allow 
their  enclosure  within  ordinary  leucocytes  (Exps.  93  and  94), 
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Nature  of  Experiments. 

The  experiments  were  of  this  kind :  blood  from  the 
ear  was  examined  and  compared  with  that  obtained  by 
puncture  of  the  exposed  spleen.  For  this  purpose  an 
incision  was  made  directly  over  the  spleen,  and  blood 
obtained  from  it  by  puncture.  Control  observations  shewed, 
that  mere  exposure  of  the  organ  in  this  way  for  several 
hours  did  not  appreciably  affect  either  its  size,  or  the 
character  of  the  blood  obtainable  by  puncture  from  it. 

If  pyrogallic  acid  were  injected  into  the  blood,  then 
either  immediately  (Exp.  94)  or  within  three  minutes 
(Exp.  93),  according  to  the  largeness  of  the  dose,  a  great 
enlargement  of  the  spleen  occurred,  amounting,  it  might 
be,  to  a  fourfold  or  fivefold  increase.  The  organ,  at  the 
same  time,  became  excessively  turgid  ;  and  its  former  red 
colour  was  replaced  by  a  dark  venous  one,  the  position  of 
the  Malpighian  bodies  being,  however,  still  marked  out  as 
red  points. 

As  early  as  fifteen  minutes  after  such  an  injection,  well- 
marked  changes  were  observable  in  blood  withdrawn  from 
the  spleen,  especially  in  the  red  corpuscles,  while  the 
blood  of  the  ear  at  the  same  time  shewed  nothing  abnormal  ; 
and  fifteen  minutes  later  these  altered  red  corpuscles  were 
found  enclosed  within  large  splenic  cells  of  pulp.  After 
death,  in  four  or  five  hours,  mnnerous  JicBmolytic  changes, 
including  many  large  cells  filled  with  red  corpuscles  only 
slightly  altered,  were  found  the  spleen  ;  while  absent  from 
the  liver,  or  from  the  blood  elsezvhere. 

Exp.  93:  Rabbit:  iith  May  1888:  etherized.  Spleen  exposed  by 
small  incision  over  it :  found  small  and  red. 


Comparison  of  Blood  from  Spleen  and  Ear. 


Spleen. 

10.30  A.M.  On  puncture:  blood 
corpuscles  normal,  only  a  few 
granules,  plasma  colourless. 

10.50  A.M.    As  before:  one  large 

splenic  cell  seen. 
[ji.15  A.Ar.      Pyrogallic   acid  in- 
jected into  jugular  vein.] 


Ear. 

10.45  A-^'-  Corpuscles  nor- 
mal. A  few  blood 
plates. 
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Comparison  of  Blood  from  Ear  aitd  Spleen — continued. 

Ear. 


Spleen. 

1 1 . 1 8  A.M.  Spleen  greatly  enlarged, 
swollen  ;  turgid  ;  fallen  away 
from  opening  in  abdominal 
wall ;  dark  in  colour. 

II.20  A.M.  Blood  obtained  by 
puncture.  No  obvious  change 
in  corpuscles,  no  increase  of 
granules. 

One  red  corpuscle  with  haemo- 
globin, withdrawn  to  centre  and 
of  a  darker  colour. 

11.35  A.M.  Spleen  presents  same 
(swollen  dark)  appearance. 
No  change  in  red  corpuscles, 
except  that  the  number  of 
darkened  forms  increased.  It 
is  doubtful  whether  these  latter 
are  of  any  significance.  They 
seem  to  be  changed. 

1 2  noon.  Now  no  doubt  that  some 
of  the  red  corpuscles  are 
changed  in  colour — of  a  deeper 
tint.  One  of  them  also  bud- 
ding. Some  colourless  granules 
and  spherules.  Large  splenic 
cell  with  large  vesicular  nucleus 
and  clear  protoplasm. 
Also  some  lymph  corpuscles. 

12.30  P.M.  Spleen  contracted  up 
to  half  its  former  size.  Now 
uniformly  red  in  colour,  dark 
colour  being  lost. 

1  P.M.    A  few  red  corpuscles  seen 

of  deeper  colour :  otherwise 
blood  normal,  plasma  free  from 
granules. 

2  P.M.    Spleen  slightly  larger  again. 

No  obvious  changes  in  blood. 


3  P.M.     Spleen    still  contracted. 

Plasma  normal. 
Redcorpusclesnormal.  Some 

decolorized  discs  (spherules) 

somewhat   smaller   than  red 

corpuscles. 
4.40  P.M.    No    changes.  Killed 

with  chloroform. 


1 1.20  A.M.    Blood  not  dark. 
Same  as  before. 


11.25  Blood  un- 

changed. 


11.35  A.M.  C)ne  or  two  of 
the  darker  corpuscles 
seen,  but  fewer  in 
number  than  in  the 
blood  of  the  spleen. 


12  noon.  Distinct  increase 
of  granular  material,  but 
no  changes  in  red  cor- 
puscles. 


12.30  P.M.    No  changes  in 
blood. 


T  P.M.    Blood  normal.  No 
excess  of  granules. 


2  P.M.  Blood  corpuscles  per- 
fectly normal,  have  sel- 
dom seen  corpuscles  so 
well  preserved. 


SEATS  OF  HEMOLYSIS. 


379 


Renal  F^m.-Blood  very  dark  chocolate  colour.  Corpuscles 
normal :  no  granules,  no  schatten. 

Mesenteric  Vein.—^\oo^  same  appearance.    No  changes. 
Portal  Vein. — No  changes. 

^^/^^«._Still  small  and  contracted;  contains  little  blood. 
Shews  numerous  spherules :  colourless  and  coloured.  Many  of  the 
red  corpuscles  throwing  ofif  colourless  spherules.    No  schatten. 

Z/z/^r.— Shews  nothing.  No  granules  or  spherules  such  as  are 
so  numerous  in  the  spleen.    No  schatten. 

[In  this  experiment  the  destruction  was  very  slight ;  what  little 
evidence  of  it  was  to  be  found,  was  confined  to  the  spleen.  No 
changes  in  the  liver.] 

ExJ>.  94:  Rabbit:  15th  May  1888:  etherized.  Spleen  exposed  by 
an  incision  directly  over  it. 


quite  normal :  plasma  colour- 
less. 

12  noon.  (i"2  gramme  pyrogallic 
acid  in  25  c.c.  saline  solution 
injected  into  jugular.) 


Spleen. 

11.30  A.M.    Of  a  bright  red  colour. 
Blood  (obtained  by  puncture) 


Ear. 

11.45  A.M.    Blood  perfectly 
normal. 


1 2. 1  P.M.  Jjnmediately  after,  spleen 
much  larger,  dark  and  swollen. 
Now  bleeds  freely  from  a 
puncture. 


1 2. 1  P.M.  Vessels  of  ear 
contracted.  Blood  very 
dark  chocolate  colour. 


Blood    corpuscles  normal. 


Corpuscles  normal. 
No  granules  in  plasma. 


No  granules  or  schatten. 


12.15  P-^^'  Spleen  still  more  turgid. 
Three  or  four  times  its  normal 
size;  very  dark  in  colour;  rigid 
inconsistence;  bleeds  profusely 
from  a  slight  puncture. 


Corpuscles  shew  some  changes. 
Crenated;  some  of  them  of 
darker  colour,  many  of  these 
latter  floating  about  do  not  fall 
as  before :  slight  excess  of 
granules. 


12.15  p.Ar.  Vessels  relaxed. 
Corpuscles  contrast 
greatly  with  those  in 
spleen,  are  perfectly  nor- 
mal :  biconcave,  no  cre- 
nation ;  plasma  quite 
free  from  granules. 


12.30  P.M.  Spleen  as  before. 
Corpuscles  as  before.  Several 
large  splenic  cells,  six  or  seven 
the  size  of  leucocytes,  contain- 
ing red  corpuscles,  and  yellow 
remains  of  red  corpuscles. 


12.30  P.M.  Corpuscles  nor- 
mal. No  granules  or 
schatten. 
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Exp.  94 — continued. 


Spleen. 

12.45  P-^^-  Spleen  still  enlarged, 
bleeds  profusely  when  pricked. 
A  few  red  corpuscles  seen 
throwing  off  yellow  buds. 
Some  of  these  seen  free. 
Granules  increased. 
No  schatten. 

Plasma  presents  a  doubtful 
haemoglobin  tint. 

I  P.M.    Spleen  as  before. 

Plasma  (?)  haemoglobin  tinted. 
Small  decolorized  spherules 
seen  :  also  some  large  leuco- 
cytes containing  yellow  pig- 
ment granules. 

1.30  P.M.    Plasma  tinted.  Some 
of  the  red  corpuscles  budding. 


2.30  P.M.  Spleen  enlarged  as 
before.  Slight  increase  of 
granules.    No  schatten. 

3.30  P.M.    Killed  with  chloroform. 


Ear. 

12.45  P-^'-  Corpuscles  nor- 
mal. Plasma  presents 
a  doubtful  haemoglobin 
tint. 


I  P.M.  Plasma  (?)  tinted. 
Granules  slightly  more 
numerous. 

One  partially  decolor- 
ized, red  corpuscle  seen. 

1.30  P.M.  Corpuscles  much 
more  normal  in  appear- 
ance than  in  spleen. 

Plasma    less  tinted. 
One  corpuscle  budding. 

2.30  P.M.  Slight  increase  of 
granules.  Corpuscles 
normal. 

3.30  P.M.   Corpuscles  normal. 


Splenic  Vein. — Red  corpuscles  normal  for  the  most  part.  Some 
of  them  looking  pale ;  also  some  colourless  spherules. 

Mesenteric  Vein. — A  few  colourless  granules  and  spherules. 
Otherwise  corpuscles  normal. 

Spleen  much  diminished  in  size  since  death.  (Hence  size  of  spleen 
during  life  cannot  necessarily  be  judged  by  its  size  after  death.) 

Splenic  tissue  shews  a  large  number  of  partially  decolorized 
and  completely  decolorized  spherules  ;  some  of  the  former  exactly 
resembling  '  microcytes.'  Some  of  these  decolorized  bodies  are 
the  same  size  as  the  red  corpuscles,  most  of  them  are  smaller,  A 
few  schatte?i  seen. 

A  considerable  number  of  small  yellow  '  microcytes.'  Some  of 
them  in  act  of  becoming  detached  from  the  red  corpuscles  (by 
'  budding '). 

Large  splenic  cells  seen  filled  ivith  red  corpuscles.,  so  little 
changed  that  they  appear  to  differ  in  no  way  (except  their  inclusion 
within  these  cells)  from  the  red  corpuscles  around. 

(The  corpuscles  seem  as  if  they  had  been  'killed'  by  the 
poison.) 
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Liver  — CqWs  very  fatty,  without  pigment.  Red  corpuscles 
normal.    No  budding  :  a  few  colourless  spherules  seen. 


Date 


Exp.  54 :  Rabbit. 

No.  of  Red        Changes  in  Remarks. 
Corpuscles.  Blood. 

I  '5  gramme  pyrogallic 

Nov.  4,  1887,       I     c^.conoo       Normal.       \  acid   in  10  c.c. 

I  1.20  A.INI.  J       ^''^•^   '  ,• 

'                                         \  sahne. 

\  Injected  subcutane- 

12.20  P.M.       5,090,000       No  changes.  ^  ously 


3.20  P.M.  5,150,000 
„    5.  4,240,000 


7,  4,400,000  I        in  good  health ; 


I  Animal  apparently 
in  good  health  ; 
killed  with  ether. 


Liver. — Very  rich  in  blood ;  no  iron  reaction  (with  NH^HS), 
no  pigment  in  cells. 

Spleen. — Intense  iron  reaction  (becomes  coal-black  in  NH^HS). 
Large  heaps  of  pigment,  all  blackened  by  NH^HS. 

[In  this  experiment  the  injury  inflicted  on  the  red  corpuscles 
by  the  poison  allowed  them  to  be  taken  up  by  the  splenic  cells 
in  great  numbers,  before  the  leucocytes  of  the  blood  could  seize 
on  them ;  otherwise  pigment  ought  to  have  been  found  within 
the  liver  capillaries,  just  as  the  particles  of  ultramarine  blue 
were.] 

Conelusions. 

I  consider,  then,  that  the  behaviour  of  the  splenic  cells 
towards  the  injured  red  corpuscles  is  not  merely  that  of  a 
scavenging  organ.  If  it  were,  the  red  corpuscles  ought  to  have 
been  taken  up  in  still  larger  number  by  leucocytes  and  deposited 
in  the  liver.  This  was  not  the  case.  The  role  of  the  spleen  is  thus 
more  active,  a  fact  which  becomes  most  manifest  when  through 
any  cause — e.g.  transfusion,  or  action  of  certain  poisons — the  red 
corpuscles  have  received  injury  short  of  their  complete  disin- 
tegration. The  injured  corpuscles  are  seized  in  great  numbers 
by  the  cells  of  the  spleen,  long  before  a  single  one  can  be  found 
within  the  leucocytes.  After  death,  the  chief  and  sometimes  the 
exclusive  seat  of  such  cells  is  the  spleen,  few  or  none  being  found 
within  the  liver  (Exps..  86,  87).    The  activity  of  the  spleen  in 
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withdrawing  red  corpuscles  from  the  circulation  is  thus  decidedly 
greater  than  that  of  the  whole  body  of  leucocytes,  including 
those  within  the  liver.  Were  the  spleen  not  present^  red  corpuscles 
in  process  of  becoming  effete  would  remain  longer  in  the  circulation 
than  they  actually  do. 

It  is  in  virtue  of  this  function  that  the  spleen  is  often  the  seat 
of  much  pigment,  e.g.  after  transfusion,  when  the  liver  may  be  free. 
To  a  certain  extent,  therefore,  the  presence  of  blood  pigment 
within  the  spleen,  when  absent  from  the  capillaries  of  the  liver, 
is  an  indication  of  active  hasmolytic  function  on  the  part  of  that 
organ  (Exp.  54). 


CHAPTER  XXXV. 


THE  SPLEEN  AS  A  SEAT  OF  HiEMOLYSIS— (^^/;//«^^^^. 
4.  The  Spleen  the  Chief  Seat  of  Active  Haemolysis. 

Introductory. — The  function  of  the  spleen  in  hjemolysis  is,  how- 
ever, not  confined  to  the  relatively  humble  one  of  withdrawing 
from  the  blood  red  corpuscles  already  injured  or  effete.  The 
hc-emolysis  which  occurs  in  it  is  of  a  much  more  active  character. 

This  appears  best  from  the  remarkable  influence  the  organ 
exerts  on  the  hasmolytic  action  of  certain  agents,  e.^-.  pyrogallic 
acid  or  toluylendiamin. 

Action  of  Toluylendiamin. — The  substance  whose  action  proved 
most  interesting  in  this  relation  was  Tohiylendiainin.  This 
drug,  like  pyrogallic  acid,  exercises  a  well-marked  destructive 
action  on  the  blood.  The  chief  point  of  interest  connected  with 
it  is  that,  unlike  pyrogallic  acid,  its  action  differs  greatly  in 
different  animals.  It  is  exceedingly  destructive  and  poisonous  in 
the  cat — even  small  doses,  e.g.  0"I5  gramme — killing  a  cat  in  the 
course  of  a  few  hours  with  intense  h^emoglobinuria.  It  is  less  so 
in  the  dog,  such  a  dose  causing  jaundice  without  ha;moglobinuria. 
It  is  least  of  all  destructive  in  the  rabbit,  causing  no  jaundice  and 
rarely  hemoglobinuria  even  in  large  doses.  In  many  of  my 
experiments,  doses  as  large  as  one  gramme  were  injected  directly 
into  the  blood  of  rabbits  with  comparatively  little  effect.  The 
action  of  this  substance  in  the  rabbit  differs  indeed  so  strikingly 
from  its  action  in  the  dog  and  cat,  that  Stadelmann,  who  first 
studied  it,  confessed  himself  utterly  unable  to  account  for  it, 
and  his  observations  were  therefore  exclusively  confined  to  the 
latter  animals. 
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The  reason  that  induced  him  to  reject  rabbits  was  the  reason 
that  induced  me  to  make  use  of  them  ;  for  the  object  of  my 
experiments  was  not  to  induce  a  marked  destruction  of  blood, 
such  as  even  small  doses  produce  in  the  dog  and  cat,  but 
a  more  moderate  destruction  more  closely  approximating  to 
the  degree  of  destruction  in  health.  My  purpose  was  not  to 
cause  a  degree  of  change  in  the  blood  capable  of  inducing 
hitmoglobinuria  or  jaundice  ;  but  rather  to  induce,  without 
affecting  the  health  of  the  animal,  an  exaggeration  of  the  process 
of  hasmolysis  which  would  render  more  prominent  the  ordinary 
evidences  of  hiemolysis.  This  object  I  could  not  attain  with 
destructive  agents  like  pyrogallic  acid,  glycerine,  or  distilled 
water,  their  action  on  the  blood  being  directly  chemical  and 
physical,  differing  totally  in  its  character,  as  I  afterwards  found, 
from  anything  that  takes  place  in  health.  With  toluylendiamin, 
on  the  other  hand,  I  found  it  possible  to  produce  all  the  evi- 
dences of  an  increased  hemolysis  without  the  slightest  disturbance 
of  the  animal's  health,  and  without  the  occurrence  of  abnormal 
changes  {e.g:  jaundice  or  hsemoglobinuria),  likely  to  affect  the 
animal's  health  injuriously. 

When  the  dose  was  small,  these  evidences  included  (i)  in- 
creased morphological  changes  in  the  blood  similar  to  those 
found  in  health ;  (2)  increased  formation  of  bile  pigments ;  and 
(3)  increased  deposit  of  blood  pigment  either  in  the  liver,  spleen, 
or  bone  marrow,  with  poikilocytosis. 

With  larger  doses,  still  more  marked  changes  were  induced, 
including,  in  addition  to  the  foregoing,  not  only  (i)  a  marked 
oligocyth?emia ;  but  also  (2)  changes  never  found  in  health  — 
namely,  the  appearance  of  large  numbers  of  stromata  and  schatten 
in  the  blood,  and  of  remains  of  haemoglobin  in  the  urine  (not 
haimoglobinuria). 

By  varying  the  dose  it  was  thus  possible  in  the  rabbit  to 
induce  the  most  varying  degree  of  blood  destruction,  in  a  manner 
quite  impossible  in  the  dog  or  cat,  where  the  substance  has  a 
poisonous  action  independent  of  its  destructive  action  on  the  blood. 

The  most  important  information  regarding  the  seats  as  well 
as  the  probable  nature  of  haemolysis  in  health  was  thus  obtained 
from  experiments  with  this  drug. 

Action  of  Pyrogallic  Acid.  —  The  other  hctmolytic  agents 
whose  actions  I  studied  were  pyrogallic  acid,  distilled  water,  and 
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glycerine.  In  some  notable  respects  the  action  of  pyrogallic 
acid  contrasted  markedly  with  that  of  toluylendiamin. 

The  study  of  the  mode  of  action  of  these  two  yielded  much 
information  regarding  not  only  the  seats,  but  also  regarding  the 
nature  of  the  haemolytic  process. 

The  conclusion  pointed  to  by  these  experiments  is  that  the 
spleen  is  the  chief  seat  of  active  haemolysis. 

Results  of  Experiments  with  Toluylendiamin. 

I.  After  small  doses,  ha^molytic  changes  are  confined 
solely  to  the  spleen,  and  are  absent  from  the  blood  else- 
where, even  from  that  of  the  liver. 

Exp.  80 :  Rabbit :  0*25  gramme  of  toluylendiamin  per  kilo  of  weight 
injected  intravenously ;  killed  two  days  later. 

Spleen  and  Splenic  Vein. — Numerous  changes ;  colourless  granules 
and  spherules  in  great  numbers,  and  budding  of  red  corpuscles. 

Blood  of  Portal  System  elsewhere  perfectly  normal. 

Exp.Zo'.  Rabbit.  Date,  25th  Feb.  1888.  —  0*5  gramme  (  =  o'25 
gramme  per  kilo.)  of  toluylendiamin  injected.    Killed  two  days  later. 

Splenic  Vein. — Most  of  the  red  corpuscles  normal ;  a  few  throwing 
off  buds  ;  some  colourless  granules. 

Mesenteric  Vein. — No  changes. 

Portal  Vein. — Corpuscles  perfectly  normal;  no  granules. 

Hepatic  Vein.  —  Corpuscles  perfectly  normal  ;  plasma  remarkably 
free  from  granules,  even  after  standing. 

Spleen. — Shews  numerous  red  corpuscles  throwing  off  buds;  and 
numerous  yellow  microcytes  of  all  sizes. 

Colourless  granules  and  stromata  in  great  number;  here  and  there 
group  of  red  corpuscles  looking  dead;  some  cells  enclosing  red  cor- 
puscles. 

The  chief  change,  however,  is  the  enormous  number  of  colouriess 
stromata ;  some  yellow  microcytes  ;  also  an  enormous  number  of  highly 
refractile  granules. 

On  comparing  the  appearances  presented  by  this  spleen  with  those 
presented  by  a  spleen  three  days  old  (from  another  experiment),  which 
had  already  commenced  to  soften,  the  latter  shews  very  few  granules. 

Liver. — Gall-bladder  distended  with  extremely  dark  green  bile.  Cells 
fatty;  free  from  pigment;  red  corpuscles  normal;  almost  no  granules 
seen ;  a  few  colourless  spherules  ;  no  blood  corpuscles  holding  cells. 

Neither  liver  or  spleen  gives  any  reaction  of  iron. 

2  B 
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Exp.  86  :  Rabbit :  weight,  2000  grammes. 

2 1  St  Feb.  1888. — Animal  etherized.    Hepatic  artery  ligatured;  i 
gramme  of  toluylendiamin  given  by  mouth. 
22nd  Feb. — Killed  with  chloroform. 

Mesenteric  Vein. — Blood  particularly  free  from  granular  debris  of  any 
sort.  A  few  small  yellow  microcytes,  spherical  in  shape,  seen  in  process 
of  being  thrown  off  as  '  buds '  from  red  corpuscles. 

Splenic  Vein. — Blood  contains  a  large  number  of  stromata  and  a 
considerable  number  of  schatten;  also  colourless  granules. 

Portal  Vein  below  liver.  —  Red  corpuscles  perfectly  normal;  no 
stromata ;  no  budding  ;  no  granules  (even  after  lapse  of  some  time). 

{Note. — The  contrast  between  blood  of  portal  vein  and  blood  of 
splenic  vein  is  so  striking  as  to  leave  no  doubt  as  to  the  im- 
portance of  the  spleen  in  haemolysis.) 
Portal  Vein,  close  to  liver  above  stomach  ;  two  or  three  distinct 
sc/mtten,  otherwise  corpuscles  normal  and  granules  few. 

Systemic  Vein. — Corpuscles  perfectly  normal;  absolutely  free  from 
granules. 

Spleen  very  dark  in  colour ;  vessels  contracted ;  little  blood  in  them. 

Changes  in  spleen  very  marked ;  numerous  schatte?i  and  stromata : 
splenic  cells  large  and  numerous,  and  contain  a  large  quantity  of  fine 
yellow  granules,  most  of  them  in  addition  containing  red  corpuscles 
apparently  normal,  but,  from  the  fact  of  their  enclosure,  obviously  dead. 

Some  of  the  cells  are  packed  with  red  corpuscles,  as  many  as  eight 
or  ten  in  one  cell.  Groups  of  red  corpuscles,  similar  in  appearance  to 
those  enclosed,  also  seen  lying  free. 

There  is  a  considerable  but  by  no  means  excessive  amount  of  colour- 
less granules  and  colourless  microcytes,  the  latter  small  and  round  like 
small  red  corpuscles,  without  colour.  Many  of  the  red  corpuscles  are 
seen  throwing  off  '  buds.' 

Liver. — Right  lobe  of  a  pale  yellowish  colour ;  soft  and  friable ;  con- 
tains little  blood. 

Left  lobe,  normal  red  appearance.  (Obviously  only  the  Eight  branch 
of  hepatic  artery  ligatured.) 

Left  Lobe. — Red  corpuscles  normal :  granular  debris  not  abundant ; 
one  or  two  large  cells  enclosing  red  corpuscles,  similar  to  those  in  spleen 
— a  decided  increase  in  the  number  of  leucocytes,  some  of  them  con- 
taining fine  yellow  granules. 

After  hardening  (part  close  to  portal  trunk),  liver  cells  normal ;  nuclei 
distinct ;  a  few  small  fat  particles ;  no  trace  of  pigment. 

Right  Lobe. — Cells  in  a  state  of  fatty  degeneration.  Nuclei  in  many 
invisible,  in  others  still  present,  the  protoplasm  presenting  a  faint  yellow 
granular  appearance.    After  hardening,  cells  preserve  shape ;  nuclei  in 
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most  gone  ;  protoplasm  in  a  state  of  fine  fatty  degeneration.  No  trace 
of  pigment  to  be  seen. 

Branch  of  portal  vein  going  to  right  lobe,  blocked  with  decolorized 
thrombus. 

Spleen  gives  slight  reaction  (iron)  with  NH^HS.  A  more  or  less 
diffuse  greenish  staining  limited  to  the  protoplasm  of  the  large  splenic 
cells.  The  number  of  pigment  granules  is  by  no  means  great ;  not 
greater  than  usual. 

[The  number  of  schatten  leaves  no  doubt  in  this  case  that  a  marked 
haemolysis  had  occurred  and  much  haemoglobin  set  free,  especially  in 
the  spleen. 

The  small  quantity  of  pigment  in  the  spleen,  as  also  in  the  liver,  shews 
that  mere  excess  of  haemoglobin  alone  does  not  lead  to  accumulation  of 
pigment.] 

The  Urine  contains  tube  casts  of  yellow  granules  (of  haemoglobin). 

Gall  Bladder  contains  an  abnost pure  solution  of  hcemoglobiti  (spectro- 
scopic examination). 

(The  liver  cells,  degenerated  and  thrown  out  of  action  by  having  their 
blood  supply  cut  off,  have  proved  unable  to  break  up  the  haemoglobin 
supplied  to  it.  The  haemoglobin  has  passed  through  them  unchanged 
into  the  bile  capillaries.) 

Bojie  Marrow  normal,  fatty.  Red  corpuscles  normal ;  entire  ab- 
sence of  granules ;  a  few  nucleated  red  corpuscles ;  a  few  stromata. 


Exp.  87  :  Rabbit:  2000  grammes. 

Feb.  21.  I  gramme  toluylendiamin  by  mouth  (  =  0*5  per  kilo). 

22.  Urine,  deep  saffron  tint;  marked  reaction  of  with  toluylen- 
diamin.   (Very  deep  fluorescence  with  methylated  spirit.) 

„    23.  Blood  remarkably  normal ;  no  granules. 

»    25.  0-5  gramme  by  mouth  (0-25  per  kilo). 

„    26.  Urine  extremely  dark. 

„    27.  Urine  still  dark. 

„     28.  Urine  clear  again. 

,,    29.  Animal  apparently  well. 
Mar.   3.  Animal's  weight,  1830.     o'S  gramme  of  toluylendiamin  by 
mouth  (  =  0-4  gramme  per  kilo). 

„      5.  Urine  very  dark  in  colour.    No  changes  in  blood. 

„  7.  Weight,  1800.  Urine  normal.  Animal  well,  i  gramme  of 
toluylendamin  by  mouth  (  =  o-6  gramme  per  kilo). 

„  8.  Urine  of  a  most  intensely  deep  saffron  colour.  No  haemo- 
globin ;  no  albumen.  Blood  corpuscles  normal ;  no 
schatten;  a  few  small  pale  spherules;  granules  slightly 
increased. 


388 


PERNICIOUS  ANEMIA. 


Mar.  12.  Weight,  1750. 

17.  o'9  gramme  of  toluylendiamin  by  mouth. 
,,    19.  Died  this  morning. 

Splenic  Vein. — Corpuscles  normal ;  no  schatteji ;  very  few  granules ; 
few  colourless  discs. 

Portal  Vein. — Corpuscles  perfectly  normal ;  a  very  few  granules ;  no 
schatten  ;  no  microcytes. 

Spleen. — Much  enlarged  and  very  dark  in  colour.  Numerous  hsemo- 
lytic  changes.  A  large  number  of  red  corpuscles  in  all  stages  of  de- 
colorization  ;  stromata ;  schatten  ;  colourless  granules  very  abundant. 
A  number  of  the  splenic  cells  enclose  red  corpuscles  (evidently  from 
their  appearance  recently  taken  up,  as  their  colour  is  the  same  as  many 
lying  free). 

Great  excess  of  blood  pigment ;  darkens  in  NH^HS  ;  also  a  number 
of  spheres  of  shape  of  red  corpuscles,  resembling  decolorized  red  cor- 
puscles, which  become  dark  in  NH^HS. 

(The  appearances  are  not  those  usually  seen  after  toluylendiamin 
poisoning,  but  resemble  more  those  after  pyrogallic  acid  poisoning.) 

Liver. — Cirrhosed  (echinococcus). 

Bile. — Small  quantity  ;  dark  yellow.  Shewing  microscopically  a 
large  number  of  pigment-granules  (?  derived  from  h£emog4obin). 

Liver  cells  very  fatty  ;  no  darkening  in  NH^HS.  Leucocytes  in- 
creased ;  larger  in  size,  containing  fine  granular  pigment. 

Kidney. — Urine  of  yesterday  and  to-day  contained  a  very  large  quan- 
tity of  yellow  granular  debris  and  tubecasts. 

Bone  Marrow. — Cells  contain  excess  of  fine  granules  ;  no  nucleated 
red  corpuscles ;  no  schatten ;  a  considerable  number  of  colourless  discs. 

2.  After  a  medium  dose  of  toluylendiamin,  haemolytic 
changes  are  most  marked  in  the  spleen,  but  extend  also  to 
the  portal  blood  within  the  liver ;  they  are  still  absent  from 
the  general  circulation,  both  during  life  and  after  death. 

Exp.  61  :  Rabbit :  o-66  gramme  toluylendiamin  per  kilo  injected 
intravenously.    Killed  two  days  later. 

Blood  of  ear. — No  change  during  life,  either  in  plasma  or  in 
corpuscles. 

Spleen  and  Splenic  Vein. — Well-marked  changes  in  plasma  and  red 
corpuscles. 

Liver. — Changes  much  less  marked,  but  none  in  hepatic  veins 
issuing  from  liver,  or  in  blood  of  inferior  vena  cava.  Large  amount  of 
iron  in  spleen,  none  in  hver. 

Similar  distribution  of  changes  in  Exp.  75  (after  pyrogallic  acid 
poisoning). 
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Exp.  61:  Rabbit:  weight,  1500  grammes.    R.B.C.  6,060,000  per 
c.mm. 

1887. 

Nov.  21.  I  gramme  toluylendiamin  (o-66  gramme  per  kilo)  in  20  c.c. 
saline  (|  NaCl),  injected  into  jugular. 
„    22.  Blood  examined  fresh,  shews  no  obvious  change,  except  one 
or  two  corpuscles  throwing  off  'buds.'    R.B.C.  6,130,000, 
weight  1450. 

„    23.  No  changes  in  general  blood.    R.B.C.  6,370,000,  weight  1350. 
Killed. 

Portal  r«>/.— Blood  corpuscles,  normal  in  shape  and  appearance. 
Leucocytes  normal,  free  from  pigment. 

A  few  large  (splenic)  cells  containing  a  mere  trace  of  yellow  pigment, 
just  sufficient  to  tinge  them. 

Splenic  Vein. — Most  of  the  corpuscles  normal ;  but  a  number  are 
throwing  off  '  buds.'  Also  large  cells  (splenic)  presenting  a  yellowish 
tinge. 

Inferior  Vena  Cava  (above  liver). — Corpuscles  and  leucocytes 
normal ;  no  appearance  of  budding ;  no  schatten ;  no  pigment  cells 
such  as  are  seen  in  portal  vein. 

Spleen  neither  enlarged,  swollen,  nor  dark  in  colour.  Pigment 
apparently  only  slight  in  amount.  Red  corpuscles  budding;  yellow 
microcytes ;  increase  of  colourless  granules. 

Iron  Reaction. — Distinct  darkening,  with  NH^HS.  On  microscopic 
examination,  protoplasm  of  large  splenic  cell  stained  greenish,  and 
large  number  of  small  pigment  granules  of  varying  size  (coal-black) 
throughout  cell. 

Some  larger  bodies  of  size  and  shape  of  red  corpuscles  present  a 
similar  green  coloration. 

Liver. — Gall-bladder  moderately  distended  with  dark  bile  ;  liver  not 
enlarged;  cells  slightly  fatty;  free  from  pigment;  no  pigment  in  capil- 
laries ;  no  iron  reaction  (with  NH^HS). 

Bone  Marrow. — No  darkening  in  ammonium  sulphide. 

(Compare  with  Exp.  60,  postea,  p.  395.) 

Exp.  75  :  Rabbit:  weight,  1650  grammes. 
1888. 

Jan.  19.  075  gramme  pyrogallic  acid  (  =  0-45  gramme  per  kilo)  in 
20  c.c.  I  NaCl,  injected  into  jugular  vein. 
„  20.  25  c.c.  of  smoky-looking  urine;  no  guaiac  reaction;  no  albu- 
men; deep  colour  reaction  with  HNO3 ;  blood  of  ear 
bright  red;  corpuscles  perfectly  normal;  no  schatten  or 
granules. 

„    21.  Blood  from  ear  looks  thin  and  watery.   Killed  with  chloroform. 
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Splenic  Vein. — Some  red  corpuscles  budding ;  no  schatten. 

Portal  Vein. — Corpuscles  all  normal. 

Inferior  Vena  Cava  (above  liver). — Corpuscles  normal. 

Spleen  of  a  very  dark  colour;  numerous  corpuscles  throwing  off 
*  buds ' ;  number  of  pale  granules,  and  a  number  of  schaiten.  The 
appearances  presented  by  red  corpuscles  in  spleen  are  exceedingly  strik- 
ing, nearly  every  one  of  them  shewing  their  stroma  oozing  from  them  in 
colourless  granules. 

Some  splenic  cells  shew  pigment  particles  and  remains  of  red  cor- 
puscles. 

Marked  excess  of  iron  (with  NH^HS) ;  the  pigment  mostly  in  dif- 
fuse form  in  splenic  cells,  although  also  in  small  granules ;  also  numerous 
dark  green  bodies  resembling  in  size  and  appearance  decolorized  red 
corpuscles. 

After  hardening,  spleen  gives  excessive  iron  reaction,  the  pigment 
mostly  confined  to  large  pigment-holding  cells  in  sinuses  of  pulp. 
Liver. — Cells  fatty  ;  no  iron  reaction. 

In  capillaries,  excessive  amount  of  colourless  granules ;  but  most  of 
the  red  corpuscles  are  normal,  only  a  few  shew  budding  {cf.  antea, 
spleen). 

Bone  Marrow. — Marrow  cells  contain  excess  of  granules,  very  slight 
iron  reaction. 

3.  After  large  doses  of  toluylendiamin,  haemolytic  changes 
still  continue  most  marked  in  spleen  and  portal  blood,  but 
extend  to  the  general  circulation,  although  much  less 
marked  there. 

Exp.  82  :  Rabbit :  o"8  gramme  toluylendiamin  per  kilo.  Death 
in  sixteen  hours. 

Spleen  and  Splenic  Vein. — Great  majority  of  red  corpuscles  con- 
verted into  schatte7i ;  only  a  few  normal  corpuscles  left. 

In  Blood  of  Mesetiteric  Veins,  only  a  few  schatten ;  majority  of  cor- 
puscles normal. 

In  Hepatic  Vein,  schatten  still  fewer  in  number. 

Inferior  Vena  Cava  (below  the  liver),  schatten  exceedingly  few  in 
number. 

Spleen  gives  an  excessively  deep  iron  reaction. 
Liver  a  very  slight  reaction. 

Exp.  82  :  Rabbit :  weight,  2500  grammes. 
1888. 

Feb.  6.  2  grammes  of  toluylendiamin  (  =  0*8  gramme  per  kilo)  given 
by  mouth. 
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Feb.  7.  Corpuscles  normal;  no  granules  in  excess;  no  schatkn ;  no 
budding.    Animal  purged.    Death  during  night. 
„    8.  Splenic  Vem.—B\ood  contains  enormous  number  of  schatten 
(decolorized  red  corpuscles).   They  are  more  numerous  than 
red  corpuscles ;  also  large  splenic  cells  containing  pigment. 
Portal  Vein  and  Branches —'Ua.]oniy  of  red  corpuscles  normal; 
only  a  few  schatten. 

Hepatic  Vein.—  Only  a  few  schatten. 

Inferior  Vena  Cava.— Schatten  still  fewer  in  number.  Blood 
coagulated. 

Spleen  excessively  small  and  shrunken. — About  \  ox  \  its  normal 
size ;  of  a  dark  red  colour ;  contains  very  large  quantity  of  pigment  in 
form  of  minute  yellow  globules  of  varying  size,  contained  for  the  most 
part  within  large  splenic  cells.  (These  bodies  have  all  the  appearance 
of  the  similar  globules  resulting  from  the  action  of  toluylendiamin 
on  the  blood  outside  the  body.)  A  considerable  number  of  schatten. 
Most  excessive  iron  reaction,  the  spleen  containing  an  enormous  excess 
of  pigment,  chiefly  within  large  splenic  cells. 

The  excess  is  very  striking,  especially  when  contrasted  with  trace 
of  pigment  in  liver,  and  the  entire  absence  of  such  cells  from  the 
liver  capillaries. 

Liver. — Cells  vacuolated.  Slight  trace  of  fine  pigment  in  liver 
cells ;  none  in  capillaries. 

Exp.  90:  Cat:  29th  Feb.  1888,  12.30  p.m.  o*  16  gramme  toluylen- 
diamin given  by  mouth.  5  p.m.  Urine  albuminous.  Death  in  eighteen 
hours. 

Mesenteric  Vein. — Plasma  appears  slightly  haemoglobin  tinted,  but 
red  corpuscles  all  normal ;  no  granules,  and  only  two  or  three  colourless 
spheres,  \  ^o\  size  of  red  corpuscles. 

Splenic  Vein. — The  blood  is  of  a  chocolate  colour ;  shews  a  number 
of  schatten ;  plasma  has  a  rosy  tint ;  no  granules,  but  decolorized 
spheres  size  of  red  corpuscles  ;  red  corpuscles  shew  no  buddings. 

Portal  Vein. — A  few  schatten  here,  and  also  some  pale  spherules, 
but  no  granular  debris  ;  red  corpuscles  all  normal. 

Inferior  Vena  Cava. — Plasma  tinted ;  corpuscles  normal ;  a  few 
schatten  ;  no  granular  debris. 

Spleen  very  dark  in  colour ;  blood  contains  a  large  tiu>nl>er  of 
schatten,  and  other  evidences  of  blood-destruction ;  large  numbers  of 
stromata  and  broken-up  red  corpuscles  ;  no  pigment,  and  no  cells 
enclosing  red  corpuscles. 

Liver.— CeWs  very  fatty;  numerous  evidences  of  blood  destruction; 
both  schatten  and  colourless  stromata,  the  latter  in  greater  number  than 
in  spleen  or  elsewhere. 
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Exp.  91  :  Cat:  weight,  2350  grammes. 
1900. 

Mar.  22.  o*T  gramme  of  toluylendiamin  by  mouth. 
,,    23.  Urine  normal ;  contains  no  blood. 

,,  24.  Large  quantity  of  dark  bloody  urine  passed  containing  much 
granular  debris  of  haemoglobin,  and  giving  distinct  spectrum 
of  haemoglobin. 

,,    25.  Animal  apparently  well. 

,,    26.  o"i5  gramme  of  toluylendiamin  given  in  milk. 
,,    27.  Killed  with  chloroform. 

Mesenteric  Vetfi. — Schatfen  very  numerous,  also  a  few  colourless 
granules ;  red  corpuscles  normal ;  no  budding. 

Splenic  Vein. — Normal  red  corpuscles  much  fewer  in  number  than 
schatten ;  schatteii  and  granules  exceedingly  numerous ;  also  a  consider- 
able number  of  large  pigment  cells  filled  with  particles  of  bright  yellow 
pigment,  also  colourless  stromata ;  leucocytes  increased  in  groups. 

Spleen  very  dark  in  colour,  swollen,  rich  in  blood ;  evidences 
of  haemolysis  very  numerous — the  whole  field  filled  with  scAallen 
granules,  fragments  of  red  corpuscles,  yellow  in  colour,  and  excessive 
amount  of  yellow  granular  material ;  also  colourless  stromata  and  yellow 
microcytes ;  large  pigment  cells  and  blood  corpuscle-holding  cells,  the 
red  corpuscles  enclosed,  perfectly  preserved,  resembling  those  outside, 
only  of  a  deeper  colour.  In  NH^HS  considerable  but  not  excessive 
darkening  (iron  reaction),  the  large  pigment  cells  being  mainly  affected. 

Liver  very  fatty  ;  cells  contain  some  pigment  granules,  but  no  darken- 
ing, in  NH4HS  ;  bile  very  dark  yellow  in  colour;  intestine  contains 
excess  of  bile  ;  no  congestion  of  duodenum. 

Bone  Marrow. — Cells  normal ;  no  excess  of  pigment.  A  consider- 
able number  of  nucleated  red  blood  corpuscles ;  schatten  much  less 
numerous  than  elsewhere. 

Summary. 

In  all  cases,  then,  the  greatest  degree  of  change  was  found  in 
(i)  the  spleen  and  the  blood  issuing  from  it ;  (2)  next,  in  the  blood 
of  the  portal  tract;  and  only  when  extreme,  (3)  in  the  blood 
of  the  general  circulation.  Had  the  changes  been  always  found 
in  the  liver  as  well  as  within  the  spleen,  one  might  have  referred 
their  presence  in  these  situations  to  the  scavenging  functions 
which  we  have  seen  is  performed  by  these  two  organs.  Thus, 
after  injection  of  distilled  water,  the  stromata  and  other  remains 
of  red  corpuscles  are  found  in  greatest  abundance  in  the  liver 
(see  Exp.  88,  p.  375). 

In  the   foregoing   cases,  on  the  contrary,  the  chief  and 
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sometimes  the  exclusive  seat  of  the  various  products  of  disin- 
tegration was  the  spleen.  It  was  only  when  the  dose  was  large, 
that  changes  could  be  found  outside  the  spleen  and  the  blood  of 
splenic  vein — e.g.  in  the  liver  and  mesenteric  veins  ;  and  it  was 
only  when  still  larger  (toxic)  doses  were  given,  that  the  changes 
could  be  found  outside  the  portal  circulation — e.g.  in  the  general 
circulation. 

The  greater  number  and  variety  of  the  evidences  of  haemo- 
lysis found  in  the  spleen,  as  compared  with  those  found  in  the 
liver  or  in  the  blood  elsewhere,  all  pointed  to  the  spleen  as 
the  special  seat  of  an  active  haemolysis. 


CHAPTER  XXXVI. 


THE  SPLEEN  AS  A  SEAT  OF  EMmOLYSlS -(con^mued). 

Elfect  of  Splenectomy. 

To  test  still  further  to  what  extent  the  spleen  was  the  seat 
of  an  active  haemolysis,  or  how  far,  on  the  other  hand,  it 
had  merely  acted  as  a  scavenging  organ  in  collecting  from  the 
blood  the  various  debris  circulating  in  it,  I  made  a  parallel  series 
of  experiments  in  animals  after  removal  of  the  spleen. 

Nature  of  Experiments. 

This  operation  was  exceedingly  well  borne  by  the 
animals ;  it  appeared,  indeed,  to  affect  them  but  little.  In 
the  earlier  experiments  I  waited  for  a  day  or  two  after 
the  excision,  before  injecting  the  drug.  Later  on,  when 
I  found  that  the  operation  itself  was  without  any  ill 
effect,  I  injected  the  drug  immediately  after  the  spleen 
was  excised.  The  drug  was  always  injected  directly  into 
the  general  circulation  through  the  jugular  vein.  The 
results  of  the  experiments  under  these  circumstances  appear 
all  the  more  remarkable,  the  animal  not  only  having  to 
recover  from  the  effect  of  the  operation,  but  having  also  at 
the  same  time  to  combat  the  action  of  a  powerful  poison. 

The  action  of  toluylendiamin  in  the  healthy  animal 
was  illustrated  chiefly  by  three  experiments,  in  which  the 
doses  were  respectively  0*25,  0"66,  and  0'8  gramme  per 
kilo  of  weight — doses  which  may  for  convenience  be  termed 
small,  medium,  and  large.  In  the  healthy  animal  these  doses 
caused  an  appreciable  destruction — varying  in  degree; 
evidenced  not  only  by  changes  in  the  blood,  but  by 
pigment  changes  in  the  liver  or  the  spleen. 
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1.  Effect  on  Haemolysis.  —  Removal  of  the  spleen  greatly 
lessens  the  hjEmolytic  action  of  toluylendiamin.  In  small  and 
medium  doses  its  destructive  action  is  practically  abolished  ;  m 
large  doses  it  is  much  diminished.  Thus,  whereas  doses  of 
0-25  gramme  per  kilo  in  the  healthy  animal  caused  appreciable 
hc-emolysis,  doses  three  and  even  four  times  as  large,  (075  to 
I  gramme  per  kilo)  in  the  spleenless  animal  were  without 
effect. 

Exp.  68:  Rabbit:  Dec.  12,  1887. 

Spleen  excised;  i  gramme  toluylendiamin  (o-6  gramme  per  kilo) 
injected  into  blood;  killed  three  days  later.  Absolutely  unaffected 
during  life. 

Blood. — No  changes  found  either  during  life  or  after  death. 

Urine. — No  remains  of  haemoglobin. 

Liver  or  Bone  Marrow. — No  reaction  of  iron. 

Exp.  69:  Rabbit:  Dec.  i6,  1887. 

Spleen  excised;  i'5  gramme  toluylendiamin  (075  gramme  per  kilo) 
injected  into  blood.    Killed  on  following  day. 

Portal  and  General  Circulation. — Absolutely  no  change  of  any  kind 
in  blood  or  in  liver. 

Liver  gives  no  iron  reaction.  Cells  very  fatty,  but  contains  no 
pigment.    Gall-bladder  empty. 

Urine  free  from  haemoglobin  or  its  pigment  remains. 

The  effect  of  removal  of  the  spleen  was  in  these  cases  very 
striking.  The  test  was  a  severe  one  :  the  animal  had  its  spleen 
removed,  and  the  drug  was  injected  immediately  afterwards 
directly  into  the  circulation, 

Exp.  60  :  Small  Rabbit :  weight,  1600  grammes. 
1887. 

Nov.  18.    Etherized;  spleen  excised  with  antiseptic  precautions. 

2  P.M.    I  gramme  of  toluylendiamin  in  20  c.c.  |  %  NaCl 
injected  into  jugular  vein  ( =  "62  gramme  per  kilo). 

3  P.M.    Animal  recovered.    Blood  normal. 

4  P.M.    Blood  normal. 

,,    19.    Animal   completely  recovered;    moving  about  freely. 

Sitting  up  on  hind  legs  (shewing  absence  of  peritonitis). 
Blood  perfectly  normal :  no  granules  ;  no  schatten. 
„    21.    Blood  shews  no  sign  of  change.    Weight,  1400.  R.B.C. 
5,850,000. 
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Nov.  22.    No  change.    Weight,  1350.    R.B.C.  6,560,000.  Urine 
shews  yellow  granular  and  globular  remains  of  haemo- 
globin in  small  quantity. 
,,    23.    In  good  health.    Weight,  1450.    R.B.C.  5,460,000. 
,,    24.    In  good  health.    R.B.C.  5,140,000. 
,,    25.    A  few  yellow  microcytes  seen.    Also  a  few  red  corpuscles 
apparently  budding.    R.B.C.  5,780,000. 
I  5  gramme  of  toluylendiamin  in  25  c.c.  |  %  NaCl  injected 
( =  I  gramme  per  kilo). 
,,    26.    Weight,  1350.    Animal  eating  as  usual. 

Blood  shews  not  a  trace  of  schatten,  granules,  or  other 
sign  of  blood  destruction.    Red  corpuscles  beautifully 
preserved.    R.B.C.  5,510,000. 
100  c.c.  of  an  extremely  dark  bilious-looking  urine. 
No  albumen  or  blood;  no  bile  pigment.    A  few  fine 
yellow  granules  (?  haemoglobin)  seen. 
„    28.    Weight,  1400.    Animal  apparently  well.    Blood  shews  no 
change.    R.B.C.  5,520,000. 
Killed. 

Portal  Vein  (close  to  liver). — Red  corpuscles  perfectly  normal.  No 
granular  debris ;  leucocytes  normal  size  and  appearance,  no  pigment- 
holding  cells. 

Hepatic  Vein. — No  changes  of  any  sort. 

Liver  healthy  ;  cells  small ;  faintly  granular.  Contain  little  fat,  and 
no  pigment,  no  darkening  in  NH^HS  (iron  reaction). 

Bone  Marrow. — Quite  unaffected  by  NH^HS.  Entire  absence  of 
pigment. 

Control  Experiment  (Exp.  61)  in  animal  of  same  brood  and  weight 
{vide  an  tea,  p.  389). 

Result. — A  dose  of  o'66  gramme  of  toluylendiamin  per  kilo  in  healthy 
animal  caused  distinct  haemolysis  ;  while  a  dose  of  0*62  gramme  per  kilo 
followed  by  the  very  large  one  of  i  gramme  per  kilo  in  spleenless  animal, 
same  size  and  brood,  had  no  effect.  Contrast,  also,  result  in  Exp.  80, 
(p.  385),  where  a  dose  of  0*25  gramme  per  kilo  caused  marked  haemo- 
lysis in  healthy  animal. 


2.  Effect  on  Body  Weight. — The  effect  of  splenectomy  was 
evidenced  in  other  ways  than  by  the  absence  of  haemolysis — 
viz.,  by  the  effect  on  body  weight. 

Thus  while  in  the  healthy  animal  a  dose  of  0  66  gramme 
per  kilo  caused  a  loss  of  weight  of  150  grammes  in  the  course 
of  two  days,  a  similar  dose,  followed  five  days  later  by  the 
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enormous  dose  of  i  gramme  per  kilo,  caused  in  the  spleenless 
animal  a  loss  of  only  50  grammes  in  weight. 

3.  Difference  of  Dosage. — The  difference  of  effect  may  be 
brought  out  in  another  way.  In  seventeen  observations  on  the 
healthy  animal  the  doses  found  sufficient  to  produce  haemolysis 
from  the  slightest  to  the  most  extreme  degree  varied  from  0-13 
to  0-8  gramme  per  kilo  of  body  weight — average  0-36  gramme 
whereas  in  eight  observations  on  spleenless  animals  the  dose 
ranged  from  0*28  to  as  much  as  i  gramme  per  kilo — average  0  64. 

In  both  cases  the  conditions  as  to  food  and  drink  were  alike. 

All  the  characteristic  effects  of  toluylendiamin  as  a  haemo- 
lytic  agent — whether  as  regards  changes  in  blood,  in  urine,  in 
organs,  or  in  body  weight  and  nutrition — were  nevertheless  much 
more  frequently  and  more  strikingly  manifested  in  the  healthy 
than  in  the  spleenless  animal.  In  the  latter,  as  has  been  seen, 
it  was  only  when  the  dose  was  a  very  large  one  that  they  were 
manifest  at  all. 

4.  Effect  on  Formation  of  Bile  Pigment. — The  effect  was  not 
confined  to  the  blood,  but  extended  to  other  processes  related 
to  haemolysis.  Doses  which,  in  the  healthy  animal,  caused  an 
increased  formation  of  bile  pigments,  seemed,  in  the  spleenless 
animal,  to  be  without  effect. 

Thus  in  the  Healthy  Animal : 

Exp.  61 :  After  dose  of  o"66  gramme  per  kilo  of  weight,  48 
hours  later  a  large  quantity  of  dark  green  bile  found. 

Exp.  80:  After  dose  of  0*25  gramme  per  kilo,  48  hours  later 
gall-bladder  filled  with  extremely  dark  green  bile. 

Spleenless  Aniinal : 

Exp.  69:  After  dose  of  075  gramme  per  kilo,  24  hours  later 
gall-bladder  empty. 

5.  Effect  on  Character  of  Hsemolysis. — Removal  of  the  spleen 
seemed  not  only  to  lessen  the  amount  of  haemolysis,  but  to 
make  it  of  a  more  chronic  character.  As  I  have  already  shewn, 
there  is  no  more  characteristic  evidence  of  a  chronic  gradual 
haemocytolysis  than  the  presence  of  large  pigment  particles 
within  the  capillaries  of  the  liver;  while  there  is  no  more  strikino- 
evidence  of  acute  haemolysis  with  liberation  of  hremoglobin  than 
this  presence  of         pigment  granules  within  the  liver  cells. 
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After  frequent  administration  of  toluylendiamin  in  spleenless 
rabbits,  pigment  cells  were  found  in  the  capillaries  of  the 
liver  in  number  and  variety  such  as  I  never  met  with  in  the 
healthy  animal,  or  ever  otherwise  found  after  toluylendiamin 
poisoning  (Exp.  89). 

Exp.  89:  Rabbit:  weight  2100  grammes. 
1888. 

Feb.  29.  Spleen  excised  (under  ether). 

Mar.    3.  Recovered.    Weight,  1800  grammes;  0*5  gramme  toluylen- 
diamin by  the  mouth. 

„  4.  Urine  very  dark  in  colour ;  no  reaction  with  HNO3 ;  no 
haemoglobin.  Gives  marked  colour  reaction  (of  toluylen- 
diamin) with  nitrite  of  sodium;  green  fluorescence  with 
methylated  spirit. 

„  5.  Urine  115  c.c. ;  slightly  darker  than  normal,  but  much  clearer 
than  yesterday ;  does  not  give  reaction  with  nitrate. 
Animal  apparently  well, 

„  7.  Weight,  1800;  animal  well;  urine  normal;  i  gramme 
toluylendiamin  by  mouth. 

„  8.  Urine  bilious-looking ;  no  albumen ;  no  haemoglobin  ;  marked 
colour  reaction  with  sodium  nitrite.  Contains  a  large 
quantity  of  yellow  granular  and  globular  remains  of  red 
corpuscles.    Animal  well ;  faeces  normal,  not  soft. 

Blood. — Red  corpuscles  adhering  to  one  another;  a 
very  large  amount  of  granular  material  partly  run  together, 
partly  free. 

„     9.  Weight,  1800;  blood  as  yesterday. 
„    12.  Weight,  1850. 

„  17.  Weight,  2000;  in  good  health;  i  gramme  toluylendiamin 
by  mouth. 

„  18.  Urine  again  very  dark  ;  blood  contains  a  very  large  number 
of  blood  plates,  small  colourless  spherules;  no  schatten. 

„    26.  Weight,  1900;  in  good  health;  killed  with  chloroform. 

Mesenteric  Vein. — Red  corpuscles  normal ;  granules  in  excess ;  also 
of  larger  size  than  usual ;  also  a  few  small  yellow  microcytes. 

Portal  Vein. — Colourless  granules  even  more  abundant,  and  a  few 
yellow  microcytes;  no  pigment  cells. 

£iDer. — Gall-bladder  contains  pale  yellow  bile  cells  finely  granular ; 
leucocytes  numerous,  some  of  them  containing  granules  of  pigment; 
also  a  number  of  large  cells  absolutely  packed  with  yellow  pigment 
granules  to  such  an  extent  as  to  obscure  the  nucleus.  So  far  as  can  be 
seen  these  are  of  leucocyte  nature,  and  lie  within  the  capillaries. 

Liver  tissue  becomes  coal-black  in  NH^HS  (iron  reaction),  the 
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granules  within  cells  becoming  coal-black.  They  are  of  varymg  size,  an 
appearance  not  hitherto  seen. 

The  heaps  of  pigment  within  the  capillaries  also  become  coal-black. 

The  liver  contains  an  extraordinary  amount  of  pigment. 

Bone  J/arr^JW.— Extraordinary  increase  in  the  number  of  marrow  cells, 
all  of  them  richly  granular.  Great  excess  of  pigment ;  mostly  in  heaps 
resembling  those  in  capillaries  in  liver ;  also  nucleated  red  corpuscles, 
most  of  them  with  double  nuclei ;  many  of  the  nuclei  seen  in  process  of 
division. 

A  very  considerable  number  of  small  colourless  spherules.  (The 
bone  marrow  appears  to  have  taken  on  the  functions  of  the  removed 
spleen.  Under  normal  circumstances  its  function  as  a  blood-destroying 
organ  are  mainly  passive,  retaining  effete  corpuscles.) 

[The  chief  feature  in  this  experiment  was  the  number  of  large 
pigment  cells  within  the  capillaries,  and  their  extraordinary  rich- 
ness in  pigment,  in  the  form  of  large  pigment  particles  of  varying 
size — evidence  of  chronic  haemocytolysis  {v.  p.  133).  Contrast 
this  with  situation  and  character  of  pigment  in  Plate  IX.,  182.] 

Summary. 

As  evidenced  in  all  these  various  ways — lessened  haemolysis 
in  the  blood,  lessened  formation  of  bile  pigment,  alteration  of 
the  character  of  the  subsequent  haemolysis,  and  eftect  on 
nutrition — removal  of  the  spleen  undoubtedly  influenced  in  a 
remarkable  manner  the  amount  of  haemolysis  caused  by  toluy- 
lendiamin.  The  result,  therefore,  seems  to  me  conclusive  as  to 
the  importance  of  the  spleen  as  the  seat  of  haemolysis. 

There  were  no  fallacies  connected  with  the  experiments 
themselves — eg.  as  to  the  amount  of  the  drug  actually  entering 
the  system  ;  for  in  both  cases  alike  the  drug  was  injected  directly 
into  the  blood  itself. 

Moreover,  in  the  spleenless  animals  the  conditions  were 
distinctly  more  unfavourable  than  in  the  healthy,  inasmuch  as 
these  animals  had  to  recover  from  the  operation.  Even  under 
these  circumstances,  their  blood  was  able  to  resist  double  the 
dose  of  poison. 

Contrast  betwixt  Toluylendiamin  and  Pyrogallic  Acid  in  i-e- 
gardto  the  Effect  of  Splenectomy. — This  remarkable  result  became 
more  interesting,  when  it  appeared,  as  it  subsequently  did,  that 
Pyrogallic  acid,  the  other  destructive  agent  chiefly  experimented 
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with,  had  no  such  influence,  its  destructive  action  being  practically 
unaffected  by  the  removal  of  the  spleen. 

(1)  Thus  in  the  following  experiments  the  removal  of  the 
spleen  was  without  the  slightest  effect  on  the  action  of  that  drug. 

Exp.  78:  Normal  Rabbit:  0*5  gramme  of"  pyrogallic  acid  per  kilo 
injected  intravenously.  The  following  day  scJiatten  found  in  the  blood. 
Two  days  later  the  animal  looking  ill ;  number  of  red  corpuscles  fallen 
to  3,410,000  per  cubic  millimetre.    From  this  time  gradual  recovery. 

Exp.  79:  Rabbit:  spleen  excised ;  0*55  gramme  of  pyrogallic  acid 
per  kilo  injected  intravenously.  Following  two  days  numerous  schatteti 
in  blood,  and  on  the  third  day  the  number  of  red  corpuscles  had  fallen 
to  1,360,000  per  cubic  millimetre.  From  this  time  onward  the  recovery 
was  rapid. 

(2)  When  smaller  doses  were  given,  some  slight  difference  was 
observable,  in  the  direction  of  a  lessened  effect  after  removal  of 
the  spleen  ;  but  this  was  in  no  way  so  marked  as  was  the  case 
with  toluylendiamin.  The  removal  of  the  spleen  slightly 
lessened  the  destructive  action ;  but  it  failed  to  do  what  was  so 
striking  in  the  case  of  toluylendiamin — abolish  it  altogether 
(Exps.  75  and  76). 

Exp.  75  :  Rabbit:  0*45  gramme  per  kilo  of  pyrogallic  acid  in  20 
c.c.  saline  solution  injected  into  jugular  vein.    Weight,  1650  grammes. 
No  albumen,  or  haemoglobin  in  urine. 

A  few  i-<;/^^7//^'«  in  blood  of  ear.  Killed  two  days  later.  Weight,  1650. 
Numerous  evidences  of  blood  destruction  in  spleen,  and  in  capillaries  of 
liver ;  absent  from  inferior  vena  cava  above  liver. 

Exp.  76  :  Rabbit :  spleen  excised.  0-46  gramme  per  kilo  of  pyro- 
gallic acid  in  25  c.c.  saline  solution  injected  into  jugular  vein.  Weight, 
2150  grammes.  No  changes  in  blood  during  Hfe.  Animal  appears 
quite  well.    Killed  two  days  later.    Weight,  1950  grammes. 

\^Query. — Although  no  change  in  general  blood,  question  arises 
whether  some  haemolysis  may  not  have  occurred,  limited  possibly  to 
portal  blood.  If  the  destrucdon  were  slight  and  limited — e.g.  to  the  portal 
system — possibly  the  liver  had  been  able  to  prevent  schatte>t  or  other 
morphological  remains  passing  into  the  general  circulation.] 

Mesenteric  Vein. — Red  corpuscles  perfectly  normal.  No  tinting  of 
plasma  with  hsemoglobin. 

Fortal  Corpuscles  mostly  normal :  a  few  shewing  buds. 

Inferior  Vena  Cava  (above  liver). — Corpuscles  mostly  normal.  A  few 
schatten  seen. 

Liver  cells  excessively  fatty,  but  shew  no  trace  of  pigment.  No 
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schatten  :  a  few  corpuscles  seen  throwing  off  buds ;  almost  no  granular 
debris. 

Bone  Marrow.— K  few  schatten  seen:  otherwise  red  corpuscles 
normal. 

In  this  experiment,  therefore,  despite  absence  of  changes  from  the 
general  blood,  htemolysis  had  occurred,  and  evidences  of  it,  although 
few,  were  nevertheless  found  in  the  liver,  and  even  outside  the  con- 
fines of  the  portal  circulation,  viz.  in  the  bone  marrow. 

The  difference  in  result,  surprising  as  it  appeared  at  first  to 
be,  proved  subsequently  to  be  of  special  importance.  If,  indeed, 
it  had  been  otherwise — if  splenectomy  had  materially  affected 
the  hsemolytic  action  of  pyrogallic  acid — the  fact  would  have 
involved  the  conclusion  that  some  fallacy  underlay  the  observa- 
tions, both  in  its  case,  and  probably  also  with  regard  to  the  action 
of  toluylendiamin. 

For,  as  has  been  seen,  pyrogallic  acid  has  undoubtedly  a 
direct  poisonous  action  on  the  red  corpuscles,  evidenced  as  early 
as  a  few  minutes  after  it  comes  into  contact  with  them  (see 
Exp.  93,  p.  377),  and  such  an  action  could  obviously  be  in  no 
way  affected  by  removal  of  any  organ.  It  was  obviously  a  matter 
that  lay  between  the  red  corpuscle  and  the  drug  in  contact 
with  it.  Precisely  the  same  changes  in  the  corpuscles  as  those 
observable  in  the  blood  can  be  seen  to  take  place  when  the 
corpuscles  are  exposed  to  the  action  of  pyrogallic  acid  outside 
the  body.    The  action  is  a  direct  one. 

On  the  other  hand,  the  action  of  toluylendiamin  on  the  blood 
outside  the  body  differs  markedly  from  its  action  within  the 
body.  In  the  latter  case,  as  seen,  it  causes  distinct  haemolysis  ; 
while  on  the  other  hand  outside  the  body  in  certain  strengths  it 
actually  preserves  the  red  corpuscles.  Its  hsemolytic  action 
within  the  body  is  thus  an  indirect  one — effected  through  cell- 
activity. 

On  the  nature  of  these  agencies  the  above  experiments  re- 
garding the  remarkable  effect  of  splenectomy  threw  considerable 
light.  They  shewed,  namely,  that  the  hiemolytic  action  of  so 
powerful  an  agent  as  toluylendiamin  could  be  materially  lessened 
by  the  removal  of  a  mass  of  cells— the  spleen.  If  cells  had  such 
an  influence  on  the  action  of  so  powerful  a  poison  as  this  drug, 
a  fortiori,  how  much  more  were  they  likely  to  influence  the 
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action  of  any  of  the  products  formed  in  health  capable  of  in- 
ducing any  degree  of  hemolysis? 

The  action  of  such  products  was  much  more  likely  to  be 
indirect,  as  in  the  case  of  toluylendiamin — than  directy  as  in  the 
case  of  pyrogallic  acid. 

Hence  the  striking  contrast  betwixt  the  action  of  these  two 
poisons,  as  regards  the  effect  of  splenectomy,  not  only  served  to 
establish  a  conclusion  of  great  importance — namely,  that  the 
spleen  possesses  a  remarkable  haemolytic  power,  but  also  led  up 
indirectly  to  a  conclusion  of  even  more  importance — namely, 
the  influence  of  cells  in  determining  haemolysis  (see  Chapter 
XXXVIII.). 


CHAPTER  XXXVIL 


GASTRO-INTESTINAL  CAPILLARIES  AS  A  SEAT  OF 

HEMOLYSIS. 

The  spleen  being  thus  apparently  the  chief  seat  of  haemolysis, 
my  next  enquiry  was  —  where  haemolysis  occurred  after  its 
removal. 

(i)  As  regards  accumulation  of  blood  pigment,  the  place  of 
the  spleen  is  then  taken,  partly  by  red  bone  marrow,  and  partly 
by  the  capillaries  of  the  liver  (Exps.  64,  dog,  and  89,  rabbit), 
the  amount  of  pigment  within  the  capillaries  of  the  liver  being 
greater  than  ever  observed  under  any  other  circumstances 
(Exp.  89,  p.  398). 

Exp.  64:  Dog  (Fox  Terrier) :  weight,  7150  grammes.    Animal  old. 
1888. 

Dec.  2.  Animal  etherized.    Spleen  removed  with  strict  antiseptic  pre- 
cautions ;  wound  closed  with  catgut  and  silk. 
5.  Recovered.    0-5  gramme  toluylendiamin  in  solution  injected 
subcutaneously. 
„    6.  Slight  conjunctival  jaundice. 

„    7.  Jaundice  well  developed  all  over  body.    General  health  seems 
good. 

Blood. — Plasma  shews  a  distinct  rosy  appearance  as  if  from  hemo- 
globin. No  schatten ;  no  granules ;  a  few  red  corpuscles  seen 
'  budding.' 

Dec.  8.  Jaundice  still  more  marked.    Killed  with  chloroform. 

Portal  Vein. — Most  of  the  red  corpuscles  perfectly  normal;  a  few 
schatten  seen,  and  a  considerable  number  of  the  red  corpuscles  shew 
'  buds  ' ;  some  shew  peculiar  appearances  as  if  the  haemoglobin  were  with- 
drawn to  one  side  of  the  corpuscle. 

Leucocytes  greatly  increased  in  number  (30  in  a  field),  but  unchanged 
in  appearance.    No  pigment  cells. 
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Inferior  Vena  Cava.  —  Corpuscles  all  normal;  no  sdiatten,  no 
budding. 

Liver. — Dark,  and  rich  in  blood. 

Gall  Bladder. — A  small  quantity  of  intensely  dark  bile.  Central  part 
of  lobule  shews  a  most  beautiful  natural  injection  of  the  bile  capillaries 
with  bile.  The  liver  cells  fatty.  The  liver  tissue  is  intensely  darkened 
by  NH^HS  (iron  reaction),  limited  almost  exclusively  to  the  portal  zone ; 
the  pigment  mostly  in  form  of  large  pieces,  made  up  of  globules  and 
particles  of  varying  size,  lying  within  the  capillaries.  At  parts,  the 
capillaries  seem  partly  blocked  by  the  large  pigment  heaps. 

Some  of  the  pigment  globules  are  exactly  the  size  and  shape  of  red 
corpuscles.  The  general  character  of  the  pigment  resembles  closely 
that  usually  found  in  the  spleen,  not  that  usually  met  with  in  the  liver. 

Bone  Marrow  of  Shaft. — Much  less  fat  than  usual ;  its  tissue  almost 
entirely  made  up  of  cells  smaller  than  marrow  cells,  and  resembling  in 
size  and  appearance  the  cells  of  spleen  ;  is  extraordinarily  rich  in  iron 
pigment,  more  so  than  in  any  case  yet  observed ;  most  of  it  in  large  con- 
glomerate heaps  ;  also  great  numbers  of  finer  granules  of  pigment  within 
cells,  with  diffuse  staining  of  the  protoplasm  of  the  cells. 

(Probability  is  that  the  animal,  being  an  old  one,  a  large  excess  of 
pigment  had  accumulated  in  the  spleen,  in  pigment  cells  within  the 
capillaries  of  the  liver,  and  in  the  bone  marrow. 

Spleen  (excised). — Contains  a  very  large  amount  of  pigment  in  the 
form  of  large  irregular  masses  and  globules ;  extraordinarily  abundant. 
The  larger  pigment  heaps  were  doubtless  the  result  of  slow,  chronic 
haemocytolysis ;  the  finer  particles  and  diffuse  pigment  probably  repre- 
sented a  more  active  and  recent  haemolysis.) 

Duodenu7n  contains  a  large  quantity  of  deeply  bile-stained  viscid 
mums.  Mucosa  greatly  swollen,  oedematous,  congested,  with  punctiform 
haemorrhages ;  most  intense  at  upper  part  of  duodenum,  at  the  point 
where  bile  duct  opens,  and  diminishing  gradually  from  that  point  down- 
wards, till  at  a  distance  of  a  foot  from  pylorus  the  mucosa  presents  a 
perfectly  normal,  healthy  appearance. 

The  mucosa  of  stomach  is  perfectly  smooth,  and  normal  in  appear- 
ance ;  bile  stained  at  pyloric  end. 

(2)  Pigment  alone  has,  however,  as  I  have  shewn  (p.  138), 
but  a  limited  significance  as  an  index  of  the  seat  of  haemolysis  ; 
and  this  is  again  found  to  hold  good.  For  my  observations  shew 
that  after  removal  of  the  spleen,  it  is  not  the  capillaries  of  the 
liver,  but  those  lying  at  the  other  end  of  the  portal  area — namely, 
within  the  gastro-intestinal  mucosa — that  constitute  the  chief 
seats  of  haemolytic  change. 
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The  evidence  to  be  adduced  in  support  of  this  is  naturally 
much  less  conclusive  than  it  was  in  the  case  of  the  spleen,  on 
account  of  the  widespread  area  over  which  these  capillaries 
extend.    The  evidence  is  of  the  following  nature  : — 


When  destruction  was  moderate  in  amount,  the  blood 
of  the  mesenteric  veins  shewed  no  changes,  while  that  of 
the  splenic  vein  shewed,  it  might  be,  extremely  marked 
changes  (Exps.  78,  80,  86,  and  87,  pp.  400,  385,  386,  387). 

If  the  degree  of  destruction  were  greater,  slight  changes 
were  found,  but  much  less  pronounced  in  character  than 
those  in  the  splenic  vein  (Exp.  82,  p.  390). 

It  was  thus  exceptional,  when  the  spleen  was  present, 
to  find  changes  in  the  blood  issuing  from  the  gastro- 
intestinal tract,  even  when  a  considerable  haemolysis  had 
been  experimentally  induced  ;  after  removal  of  the  spleen, 
on  the  other  hand,  this  was  the  rule  even  with  a  consider- 
ably less  haemolysis. 

Moreover,  not  only  were  changes  more  frequently  met 
with ;  they  were  more  various  and  extensive  in  their 
character. 

In  the  normal  animal,  they  comprised  at  most  the 
presence  of  an  excess  of  albuminous  granules.  In  the 
spleenless  animal,  they  included  not  only  a  much  larger 
number  of  both  granules  and  spherules,  but  also — what  for- 
merly had  never  been  found — large  pigment  cells  enclosing 
red  corpuscles,  and  red  corpuscles  in  process  of  active  dis- 
integration, their  stroma  oozing  out  and  breaking  up  into 
coloured  spherical  bodies.  Such  changes  had  previously 
been  entirely  confined  to  the  blood  of  the  spleen  and  the 
splenic  vein  (Exps.  62,  64,  and  77,  pp.  176,  403,  177). 

They  comprised,  further,  a  still  more  significant  chanee 

— one  to  which  as  yet  no  reference  has  been  made  

namely,  a  very  large  increase  in  the  number  of  leucocytes, 
fourfold  or  fivefold  increase  (Exp.  64,  dog)— a  change 
never  observed  to  the  same  degree  even  in  the  splenic 
vein,  to  which  it  formerly  was  mainly  confined  (Exp.  121, 
p.  418). 
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Obviously,  therefore,  some  of  the  changes  normally  confined 
to  the  spleen  were  after  its  removal  carried  out  within  the  much 
wider  area  of  the  gastro-intestinal  capillary  tract. 

Surprising  as  this  result  at  first  seemed,  it  ceased  to  be  so  in 
the  light  of  the  facts  afterwards  ascertained.  With  regard  both 
to  their  mass  and  activity,  the  cells  (epithelial  and  lymphoid) 
in  relation  to  the  capillary  area  of  the  gastro-intestinal  mucosa 
constitute  in  themselves  an  organ  second  in  size  and  functional 
activity  to  none  in  the  body,  not  even  excepting  the  liver.  And 
although  it  seemed  difficult  at  first  to  explain  why  the  destructive 
action  of  a  drug  like  toluylendiamin  should  apparently  be  more 
marked  in  this  area  than  in  another,  this  difficulty  was  cleared  up 
when,  in  the  experiments  presently  to  be  recorded,  it  was  found 
how  important  was  the  role  of  cells  in  determining  the  hcBviolytic 
action  of  certain  poisons,  even  of  one  so  destructive  as  toluylen- 
diamin. 

Conclusion. — I  conclude,  then,  that — second  only  in  import- 
ance to  the  spleen — the  gastro-intestinal  capillary  area  is  the 
chief  seat  of  hjEmolysis.  I  place  it  second  to  the  spleen  for  the 
reason  that  when  the  spleen  is  present,  the  changes  in  the  blood 
coming  from  this  area  are  altogether  less  marked  than  those 
found  in  the  splenic  vein.  I  place  it  before  the  capillary  area 
of  the  liver  partly  because  the  chief  changes  after  removal  of 
the  spleen  are  presented  by  the  blood  issuing  from  the  gastro- 
intestinal area,  and  are  of  the  same  character  as  those  previously 
found  in  the  splenic  vein  ;  partly  because  as  regards  their  mass, 
their  character,  and  their  activity,  the  cells  lying  in  relation  to 
the  capillary  area  resemble  more  closely  those  within  the  spleen 
than  do  those  in  relation  to  the  liver  capillaries. 


CHAPTER  XXXVIII. 


FUNCTION  OF  THE  LIVER  IN  HEMOLYSIS. 

The  result  of  these  observations  with  regard  to  the  seats  of 
hzemolysis  has  so  far  been  to  point  to  the  portal  circulation  and 
the  organs  in  relation  to  it — viz.,  (i)  the  Spleen  ;  (2)  the  Gastro- 
intestinal capillary  area ;  (3)  the  Capillaries  of  the  liver. 

These  organs  have  two  features  in  common  of  capital  import- 
ance— namely,  comparative  slowness  of  the  circulation,  and  a 
large  mass  of  active  cells  lying  in  close  relation  with  the  blood. 

All  the  seats  are  in  connexion  with  the  portal  circulation, 
and  pour  their  blood  into  it.  In  all  cases,  therefore,  the  products 
of  haemolysis,  whatever  be  their  nature,  have  to  pass  through  the 
liver  before  they  reach  the  general  circulation.  It  is  then  that 
the  chief  function  of  the  liver  in  relation  to  haemolysis  becomes 
manifest.  A  certain  amount  of  haemolysis  doubtless  takes 
place  in  its  capillary  area  as  the  result  of  the  activity  of  its  mass 
of  leucocytes  and  endothelial  cells,  and  of  the  changes  in  the 
plasma  induced  by  the  activity  of  the  liver  cells  adjacent.  Still, 
the  chief  function  of  the  liver  in  relation  to  haemolysis  is,  I 
conclude,  in  getting  rid  by  excretion  or  destruction  of  the  pro- 
ducts of  haemolysis. 

Amongst  the  most  abundant  of  these  is  hcenioglobin.  Set 
free  within  the  spleen  and  in  the  gastro-intestinal  capillary  area 
(by  the  activity  of  the  cells  lying  in  these  areas),  it  is  carried  to 
the  liver,  passed  through  the  endothelial  cells  of  the  walls  of  the 
capillaries,  and  taken  up  by  the  liver  cells.  It  is  here  broken  up, 
the  usual  products  of  this  destruction  being  the  bile  pigments, 
and  a  small  trace  of  iron  daily  excreted  in  the  bile  (Young, 
Kunkel,  Hoppe-Seyler,  Baserin,  and  Novi).  Sometimes,  but  not 
necessarily  constantly,  a  trace  of  blood  pigment  remains  behind 
within  the  liver  cell.    Under  certain  conditions  of  increased 
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hiemolysis,  of  which  the  chief  example  is  pernicious  anaemia, 
this  trace  becomes  very  excessive. 

With  regard  to  the  significance  of  such  an  increase,  these 
experiments  shew  very  clearly  how  little  value  can  be  attached 
to  blood  pigment  within  the  liver  cells  as  an  evidence  that 
haemolysis  has  occurred  in  that  organ.  For,  as  has  been  seen,  it 
is  precisely  in  this  situation  that  a  large  excess  of  pigment  is 
occasionally  found  as  the  result  of  the  action  of  toluylendiamin  ; 
and  yet  the  liver  cells,  or  even  the  capillaries  of  the  liver,  have 
not  been  the  seat  of  the  actual  destruction  thus  occasioned, 
since  in  certain  cases  the  removal  of  the  spleen  can  arrest  it 
altogether, 

I  conclude,  then,  that  the  pigment  found  in  the  liver  cells  in 
such  cases  has  been  formed  from  haemoglobin  set  free  within  the 
portal  area.  I  can  see  no  other  way  of  interpreting  these  facts. 
The  liver,  instead  of  being  the  actual  seat  of  haemolysis,  has  been 
merely  concerned  in  disposing  of  some  of  its  products,  notably 
of  haemoglobin. 

The  iiiorpJiological  products  of  destruction — the  granules  and 
spherules,  etc. — are  likewise  arrested  in  passing  through  the 
liver,  and  prevented  from  passing  into  the  general  circulation — 
not,  however,  through  the  agency  of  the  liver  cells,  but  through 
that  of  the  leucocytes  and  endothelial  cells  of  the  capillaries. 
From  the  frequency  with  which  I  have  found  elements  of 
this  kind,  and  pigment  cells,  in  the  capillaries  of  the  liver  and 
in  the  portal  area,  while  none  are  to  be  found  in  the  general 
circulation  during  life  or  in  the  systemic  veins  after  death,  I  am 
led  to  conclude  that  the  power  thus  possessed  by  the  leucocytes 
and  endothelial  cells  of  the  liver  is  a  very  considerable  and 
important  one. 

The  importance  of  the  liver  as  a  seat  of  JicEinolysis  is  thus 
quite  subordinate  to  that  of  the  spleen.  Its  role  still  remains 
sufficiently  important,  since  it  has  the  function  of  getting  rid  of 
the  haemoglobin  (and  doubtless  many  other  products)  thus  set 
free,  and  of  preventing  their  passage  into  the  general  circulation. 

It  is,  in  short,  the  excretory  organ  of  the  portal  system. 

It  was  of  interest  to  me  to  ascertain  whether  haemoglobin 
could  ever  pass  through  the  liver  cell  unchanged. 
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To  this  end  the  hepatic  artery  was  Hgatured  (branch  going  to 
the  right  lobe)  and  a  large  dose  of  toluylendiamin  injected 
immediately  afterwards  (see  Exp.  86,  p.  386). 

On  the  animal  being  killed  the  following  day,  the  right  lobe 
was  found  to  be  pale  and  bloodless— its  cells  degenerated— and 
the  contents  of  the  gall-bladder  consisted  of  almost  pure  haemo- 
globin. Haemoglobin  had  thus  passed  through  the  liver  cells 
unchanged. 


Summary  Regarding-  Seats  of  Haemolysis. 

The  conclusions  arrived  at  regarding  the  seats  of  haemolysis 
differ  thus  in  many  respects  from  the  conceptions  regarding  this 
process  with  which  I  started. 

(1)  In  no  respect,  perhaps,  more  so  than  with  regard  to  the 
part  taken  by  the  liver  in  haemolysis.  At  the  outset  one  was 
disposed,  in  accordance  with  current  teaching,  to  assign  to  it  the 
first  place  in  this  relation.  The  function  of  the  spleen  (and 
other  organs)  might  be  called  in  question,  either  on  the  ground 
that  no  diminution  was  discoverable  in  the  number  of  red 
corpuscles  issuing  from  it,  or  that  no  free  haemoglobin  could  be 
detected  in  the  blood  of  the  splenic  vein  (Schafer).  But  as 
regards  the  liver,  if  any  organ  were  specially  concerned  in 
haemolysis  more  than  another,  that  organ  was  presumably  the 
liver ;  and  the  destruction  was,  moreover,  effected  in  some  way 
or  other  through  the  agency  of  the  liver  cells  (see  p.  74). 

In  the  light  of  the  results  of  this  investigation,  I  can  no 
longer  assign  to  the  liver  this  position  of  supremacy.  As  a 
seat  of  haemolysis,  it  is  much  less  important  than  the  spleen. 
Its  role  in  haemolysis  still  remains  important  enough — namely, 
that  of  an  excretory  organ. 

(2)  Further,  haemolysis  does  not  occur  in  all  portions  of  the 
blood  equally.  On  the  contrary,  I  find  that  it  is  confined  almost 
exclusively  to  the  Portal  as  distinguished  from  the  Genej^al 
circulation,  and,  moreover,  that  its  two  chief  seats  within  this 
area  are  first  the  Spleen,  and  secondly  the  G  astro  -intestinal 
capillary  area. 
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(3)  Lastly,  instead  of  it  being  (i)  an  occasional  process, 
caused,  e.g.,  by  accidental  presence  of  injurious  products,  or  (2) 
a  slow  chronic  change  in  the  blood,  evidenced  in  the  case  of  the 
red  corpuscles  by  their  gradual  loss  of  elasticity  and  loss  of 
function — I  find  that  haemolysis  is  a  daily  process,  conditioned 
by  the  activity  of  the  cells  in  relation  to  the  portal  area,  and  by 
changes  in  the  plasma  secondary  to  that  activity  ;  these  changes 
in  the  case  of  the  red  corpuscles  involving  what  is  the  most 
obvious  sign  of  haemolysis — viz.  a  daily  liberation  of  haemoglobin 
and  a  daily  conversion  of  a  certain  amount  of  haemoglobin  into 
bile  pigments. 


CHAPTER  XXXIX. 


CELLULAR  NATURE  OF  HiEMOLYSIS. 

Nature  of  Investigation. — The  next  object  of  my  investigations 
was  to  ascertain  why  haemolysis  should  be  confined  to  the 
Portal  as  distinguished  from  the  General  circulation  ;  and  more 
especially  why  the  removal  of  the  spleen  should  affect  so  materi- 
ally the  haemolytic  action  of  particular  poisons,  even  when 
injected  directly  into  the  general  blood. 

In  arriving  at  a  solution  of  this  problem  I  encountered  at  the 
outset  considerable  difficulties,  which  at  first  could  hardly  be 
surmounted.  The  haemolytic  action  of  a  poison  like  toluylen- 
diamin  was  so  obviously  intensified  within  the  spleen — some- 
times, indeed,  confined  to  that  organ — that  my  first  surmise  was, 
that  the  poison  had  accumulated  in  the  spleen  in  greater  quantity 
than  elsewhere. 

I  therefore  sought  for  a  method  by  which  the  presence  of 
toluylendiamin  even  in  the  smallest  quantity  could  be  detected. 
I  thought  at  one  time  this  had  been  found  in  the  use  of  benzoyl- 
chloride — an  agent  which,  I  found,  forms  a  bulky  compound 
with  toluylendiamin.  On  being  put  to  the  proof,  however,  the 
method  failed — doubtless,  as  afterwards  appeared,  from  the  small 
quantity  of  the  poison  present. 

Colorimetric  Test  for  Toluylendiamin. — Some  other  method, 
preferably  a  colorimetric  one,  was  then  sought,  and  eventually 
found — a  reversal  of  that  usually  employed  for  the  detection  of 
nitrites  in  drinking  water.^  Phenylendiamin  gives  with  nitrites, 
on  addition  of  dilute  hydrochloric  acid,  a  deep  characteristic 
colour  reaction.    If  phenylendiamin  could  be  thus  used  to  detect 

1  To  Dr.  Ruhemann  of  the  Cambridge  Chemical  Laboratory  I  was  indebted  for 
this  suggestion. 
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the  presence  of  nitrites,  it  suggested  itself  that  the  process  might 
be  reversed,  and  that  nitrites  might  be  used  to  detect  the  presence 
of  phenylendiamin,  or  also  of  toluylendiamin. 

After  a  number  of  trials  and  failures  I  succeeded  in  working 
out  a  method  based  on  this  principle  for  the  detection  and  esti- 
mation of  toluylendiamin  even  in  minute  traces  in  the  blood  and 
other  tissues.  The  delicacy  of  the  colour  reaction  was  such, 
that  it  was  possible  to  estimate  the  substance  even  to  a 
hundredth  of  a  milligramme.  Thus,  out  of  lo  milligrammes 
of  the  substance  added  to  blood,  there  were  found  on  estimation 
9*95  milligrammes — viz.  975  in  the  plasma,  and  0'2  milligrammes 
in  the  corpuscles  (Exp.  132). 

Examination  for  Toluylendiamin. 

Toluylendiamin,  even  in  extremely  dilute  solution,  gives  a  very  well- 
marked  reddish-brown  colour  reaction  on  adding  to  the  solution  a  drop 
of  dilute  hydrochloric  acid,  and  subsequently  a  drop  or  two  of  a  solution 
of  nitrite  of  sodium. 

There  was  at  first  some  difficulty  in  applying  the  test  in  the  case  of 
coloured  fluids — like  bile,  urine,  blood. 

After  a  number  of  experiments,  with  the  object  of  decolorization, 
e.g.  by  charcoal,  heating,  etc. ;  the  best  method,  I  eventually  found,  was 
to  dilute  the  urine  and  bile  greatly,  and  to  use  as  the  comparison  solu- 
tion one  of  normal  bile  and  urine  diluted  to  the  same  colour.  Thus, 
in  the  case  of  bile,  the  method  was  as  follows  :  — 

1.  A  few  drops  of  the  bile  were  placed  in  a  test  tube  and  diluted  up 
to  a  certain  point. 

2.  In  another  test  tube  a  small  quantity  of  normal  bile  was  diluted 
till  the  colour  was  the  same  as  in  r. 

On  applying  the  test  to  the  latter,  the  yellow  colour  entirely  dis- 
appeared, and  solution  remained  colourless. 

If  toluylendiamin  were  present,  even  in  minute  trace,  a  faint  brown- 
ish coloration  was  seen  on  looking  through  a  deep  layer  of  the  fluid ; 
and  this  became  quite  marked  when  more  was  present. 

The  solutions  were  placed  in  cylindrical,  flat-bottomed  glasses  of 
uniform  diameter,  and  the  degree  of  coloration  was  judged  by  looking 
down  through  the  fluids  against  a  layer  of  white  paper  on  which  the 
glasses  stood. 

The  method  employed  for  the  Quantitative  Estimation  was  to 
ascertain  the  amount  of  toluylendiamin  it  was  necessary  to  add  to  normal 
bile  to  produce  the  same  degree  of  colour  reaction  as  the  bile  under 
examination. 
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The  following  was  the  standard  solution  : — 

Either  0-3  mgrm.  of  toluylendiamin  in  100  c.c.  water,  or  i  mgrm. 
in  100  c.c. 

Delicacy  of  Test.  The  following  experiments  shew  the 
delicacy  of  the  test  employed  : — 

Exp.  131:  Rabbit  bled  into  50  c.c.  f%  NaCl  solution,  to  which 
10  mgrms.  of  toluylendiamin  had  been  added. 
Serum  pipetted  off;  quantity,  100  c.c. 
2  c.c.  gave  colour  reaction  equivalent  to  o'lg  mgrm, 
100  c.c.  =  9"5  mgrms. 
Blood  clot  gave  no  reaction. 
Total  accounted  for,  9*5  mgrms  (  =  95  per  cent.). 

Exp.  132  :  Rabbit  bled  into  50  c.c.  10  per  cent.  NaCl  solution,  to 
which  10  mgrms.  of  toluylendiamin  had  been  added. 

Serum  carefully  pipetted  off;  gives  marked  reaction  of  toluylen- 
diamin. 

Total  quantity,  100  c.c. 

2  c.c.  gave  colour  reaction  equal  to  0*195  nigrm. 

100  c.c.  gave  colour  reaction  equal  to  975  mgrms. 

Total  accounted  for  975  out  of  10  mgrms.  injected  =  97*5  per  cent. 

I  made  use,  then,  of  this  method  in  another  series  of  experi- 
ments both  on  rabbits  and  dogs ;  estimating  the  amount  of 
toluylendiamin  in  the  various  organs  —  Liver,  Spleen,  and 
Kidney,  and  excretions — Urine,  and  Bile,  at  intervals  of  time, 
varying  from  one  hour  up  to  eighteen  after  its  injection. 

Results. 

(i)  The  drug  does  not  accumulate  in  the  spleen  in  greater 
amount  than  elsewhere.  On  the  contrary,  even  three  hours 
after  the  injection  of  half  a  gramme  of  toluylendiamin,  the 

amount  found  in  the  spleen  is  too  small  to  be  estimable  less 

even  than  in  the  Blood,  Liver  or  Kidneys  (Exp.  126). 

Exp.  126:  Rabbit:  5th  Dec.  1889. 

Animal  etherized.  11.40  a.m.  0-5  gramme  toluylendiamin  in  25  c.c. 
NaCl  solution  injected  into  jugular  vein.  (Object  of  experiment  to  kill 
animal  after  two  hours,  and  determine  amount  of  toluylendiamin  in  the 
blood.) 
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Killed  2.30  P.M. — viz.  nearly  three  hours  after. 
Bled  into  75  c.c.  normal  NaCl  solution. 
Blood  set  aside  in  cool  place. 

Urine. — A  small  quantity  in  bladder,  clear,  limpid,  gives  an 
extremely  marked  reaction  of  toluylendiamin. 

Bile. — Small  quantity  in  gall  bladder ;  withdrawn  by  pipette  ;  gives 
a  faint  but  very  distinct  reaction  of  toluylendiamin. 

Liver,  Spleen,  Kidneys. — Cut  up  and  ground  severally  in  cold  water : 
allowed  to  stand  over  night. 

Result  of  Examination : — 

Urine. — Gives  colour  reaction  equivalent  to  2*4  milligrammes  of 
toluylendiamin. 

Blood. — (i)  Serum  drawn  off,  colourless;  free  from  haemoglobin. 
Total  quantity  gives  colour  reaction  equivalent  to  o"6  milligrammes  of 
toluylendiamin.    (2)  Clot. — Very  faint  reaction  ;  much  less  than  serum. 

Spleen. — Very  faint  reaction. 

Liver. — Distinct  reaction  of  toluylendiamin ;  about  twice  as  strong  as 
similar  degree  dilution  of  serum. 

Kidneys. — Distinct  reaction  of  toluylendiamin ;  twice  as  marked  as 
that  of  serum  ;  diluted  to  equal  quantity. 

(2)  Even  within  the  short  space  of  one  hour  after  its  in- 
jection, the  total  amount  of  the  substance  present  in  the  blood 
rarely  exceeds  one  milligramme,  and  is  generally  less — this,  too, 
after  injection  of  quantities  of  half  a  gramme  (Exps.  119  and 
125,  Dog  ;  126,  128  and  135,  Rabbit. 

Exp.  119:  Nov.  19,  1889.    Dog:  weight,  io"i5  kilogs. 
Narcotized  with  morphia. 

Right  ureter  exposed,  and  a  cannula  introduced. 
Common  bile  duct  exposed,  and  a  glass  cannula  introduced. 
Gall-bladder  found  distended  with  richly-coloured  bile  (bilirubin 
colour). 

U.45  A.M.  Operation  completed. 

1 2    noon.  Bile  flowing  fairly  well ;  some  hindrance  to  flow  of  urine. 
12.7    ,,     Still  no  flow  of  urine;  20  c.c.  warm  normal  saline  solution 


injected  into  vein. 


I 


P.M. 


I  =  Sample  A. 


10  c.c.  blood  withdrawn  from  femoral  artery  =  I. 


1-35 


o"5  gramme  toluylendiamin  in  20  c.c.  normal  saline  injected 
into  jugular  vein. 
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P.M.  Secretion  of  urine  has  been  very  slow. 


I  -  Sample  C. 


2-33 
3 


2  c.c.  bile  =  Sample  D. 
1-4  c.c.  bile  =  Sample  E. 


2 "2  c.c  urine  =  Sample  D  and  E. 

The  latter  muddier  and  distinctly  darker  in  colour  than 
first  specimen. 

5  c.c.  of  blood  withdrawn  into  saline  solution  =  Sample  II. 
3.30     ,,      2  c.c.  bile  =  Sample  F. 

Bile  secretion  during  last  half-hour  has  been  greater  in 

quantity ;  colour  of  bile  is  less  than  in  Sample  E. 
No  flow  of  urine. 

3.55  ,,      20  c.c.  of  f  per  cent.  NaCl  solution  injected  into  vein. 

3.56  ,,      Urine  again  flowing. 

4        „      1*1  c.c.  bile  =  Sample  G. 


5-35    ))      5  c-c-  blood  withdrawn  =^  IV. 
5.45  4  c.c.  bile  =  Sample  H. 

I  "4  c.c.  urine  =  Sample  H. 

Urine  from  bladder  obtained  by  squeezing. 

Experiment  stopped. 

Animal  killed  by  bleeding  from  femoral  artery. 
Blood  of  a  dark  chocolate  colour. 

(1)  Greater  portion  withdrawn  into  a  beaker  containing  f  per  cent. 
NaCl  solution. 

(2)  Remainder  into  8  per  cent.  NaCl  solution. 
Placed  below  in  cold  cellar. 

Weather  at  the  time  cold. 

Nov.  20,  10  A.M.  (i)  Has  firmly  coagulated.  A  large  quantity  of 
serum  expressed. 

A  portion  of  this  serum  carefully  drawn  off  with  a  pipette.  No  trace 
of  blood-colouring  matter  either  to  naked  eye  or  on  spectroscopic 
examination.    No  haemoglobin. 

(2)  Supernatant  serum  quite  colourless.  No  trace  of  haemoglobin  on 
spectroscopic  examination. 


Samples  A  and  B.  Taken  before  the  injection  of  toluylendiamin.  No 


4.35 
5-30 


o'6  c.c.  urine. 

5  c.c.  blood  withdrawn 

27  c.c.  bile. 

I  "4  c.c.  urine. 


III. 


Examination  of  Bile. 


reaction. 
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Sample  C.  Twenty-five  minutes  after  the  injection.    No  reaction. 

„  D.  One  hour  after  injection.  Merest  trace  of  characteristic 
colour  reaction. 

,,  E.  One  and  a  half  hours.  Still  very  faint,  but  more  marked 
than  before. 

,,  F.  Two  hours.  Reaction  easily  appreciable,  even  in  thin 
layers. 

„     G.  Two  and  a  half  hours.    Still  more  marked. 

„  H.  Four  hours.  Diluted  up  to  28  c.c.  Of  this,  2|  c.c.  taken 
and  diluted,  and  tested.  Its  yellow  colour  gives  place 
to  a  distinct  brownish  colour.  A  control  solution  of 
normal  dogs'  bile  similarly  diluted  and  tested,  yellow 
colour  completely  disappears.  No  trace  of  reaction  in 
this  latter. 


Examination  of  Blood  withdrawn  during  Experiment. 

1.  Withdrawn  before  the  injection. 
Gives  no  reaction  of  toluylendiamin. 

2.  Three  hours  after  injection. 
Gives  a  trace  of  reaction. 

Examination  of  Blood  after  Death. 

Portion  I.  Withdrawn  into  f  per  cent.  NaCl  solution. 
Both  serum  and  clot  give  distinct  reaction  of  toluylendiamin. 
The  method  employed  was  as  follows  : — 

Clot  beaten  up  in  water,  raised  to  boiling-point,  and  filtered. 
The  filtrate  treated  with  equal  parts  of  methylated  spirit,  and  again 
filtered. 

A  colourless  solution  then  obtained. 
Serum  raised  to  boiling-point  and  filtered.^ 

Treated  in  this  way,  the  serum  contained  an  estimated  quantity  of 
o*6  mgrm. 

Serum. — Total  quantity,  60  c.c. 

2  c.c.  gave  distinct  colour  reaction,  equivalent  to  colour 

reaction  in  water  of  0*02  mgrm. 
60  c.c.  =  o"6  mgrm. 
Clot. — Total  quantity  of  fluid,  70  c.c. 
2  c.c.  =  Distinct  reaction. 
70  c.c.  =  0*7  mgrm. 

Total  quantity  of  toluylendiamin  in  blood,  1*3  mgrms. 

^  I  subsequently  found  it  better  not  to  heat  the  serum,  but  to  test  it  pure,  using 
healthy  serum  as  the  control  solution. 
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Examination  of  Urine. 

Samples  D  and  E  (2-2  c.c.)— One  and  a  half  hours  after  injection. 

Distinct  reaction  of  toluylendiamin. 

Diluted  to  30  c.c. 

2  c.c.  contains  o"o5  mgrm. 

30  c.c.     „     075  „ 
Sample  H  (r4  c.c). — Four  hours  after  injection. 

Diluted  to  60  c.c. 

2  c.c.  requires  7  c.c.  of  standard  solution, 
(i  mgrm.  in  100  c.c.)  of  toluylendiamin  =  0*07  mgrm. 
60  c.c.  =  2'io  mgrm. 
Urine  of  bladder  diluted  up  to  50  c.c. 

2  c.c.  required  i'2,  c.c.  of  standard  solution  =  o*  13  mgrm. 
50  c.c.  =  3*25  mgrms. 
Total  found  in  urine  =  6' 10  mgrms.,  giving  an  excretion  of  2 "8 5 
mgrms.  from  left  kidney,  and  3 '2 5  mgrms.  from  right  kidney. 

In  this  experiment  there  was  defi?iite  evidence  of  afi  excretion  of  the 
poison  through  the  bile  as  early  as  one  hour  after  its  infection,  and  by  the 
fourth  it  was  in  appreciable  quantity  (o"47  mgrm^). 

At  the  same  time  it  was  being  excreted  in  the  urine — the  total 
quantity  excreted  in  four  hours  being  6"  10  mgrms. 

Exp.  125  :  Dog. 

1889.  Dec.  2  :  o'4  gramme  injected. 

Killed  by  bleeding  hours  later;  the  blood  withdrawn  into  200  c.c. 
I  per  cent.  NaCl  solution. 

Blood. — Twenty-four  hours  later  firmly  coagulated ;  the  serum 
colourless,  shewing  no  trace  of  haemoglobin  bands. 

Both  serum  and  clot  (the  latter  after  being  treated  with  distilled  water 
and  boiled)  gave  a  slight  reaction  of  toluylendiamin ;  the  total  being 
estimated  as  not  more  than  i  mgrm. 

Duodenum. — Mucous  membrane  covered  with  thick  dark  bile  for  a 
distance  of  six  inches,  and  slightly  congested.  Mucus  and  bile  scraped 
off,  diluted  with  water,  heated,  and  filtered.  Filtrate  gave  faintest 
reaction. 

Exp.  128:  Rabbit:  7th  Dec.  1889. 

T2  A.M.  o"5  gramme  toluylendiamin  in  20  c.c.  NaCl  solution  in- 
jected intravenously. 

5.30  P.M.  Killed  by  bleeding.    Blood  set  aside  to  coagulate. 

9th  Dec.  Blood  clot  firmly  contracted ;  serum  thoroughly  ex- 
pressed ;  of  a  brownish  tinge ;  no  bands  of  haemoglobin ;  but  faint 
darkening  over  whole  field  of  spectrum. 

2  D 
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Serum. — Bulk  made  up  to  150  c.c. ;  shews  faint  reaction. 
Blood  clot. — Well  washed  ;  bulk  made  up  to  150  c.c.;  shews  faint 
reaction. 

In  both  cases  reaction  so  faint  that  it  cannot  be  estimated ;  the 
reaction  of  whole  of  blood  not  exceeding  that  of  o"6  milligramme  of 
toluylendiamin. 

Liver. — Extracted  with  water;  bulk  150  c.c. ;  reaction  not,  however, 
so  distinct  as  in  Exp.  126  (3  hours  after  injection). 

Kidneys. — Bulk  of  washings  150  c.c. ;  very  faint  reaction. 
Urine. — Gives  a  very  deep  reaction  of  toluylendiamin. 

Exp.  135:  Rabbit:  nth  Dec.  1889, 

4  P.M.  o'5  gramme  toluylendiamin  in  16  c.c.  solution  of  salt  injected 
into  vein. 

9  P.M.  (5  hours).  Killed  by  bleeding  into  60  c.c.  of  10  per  cent. 
NaCl. 

Spleen  contracted  and  of  a  red  colour ;  almost  bloodless.  Shews 
numerous  evidences  of  haemolysis — granules,  stromata,  yellow  buds  in 
process  of  detachment  and  detached. 

1 2th  Dec.  Sertem. — Merest  trace  of  reaction,  not  estimable. 

Corpuscles. — Merest  trace  of  reaction,  not  estimable. 
Uritte  contains  o'o25  gramme  of  toluylendiamin  (=2V'^ 
of  amount  injected).^ 

Excretion  of  Toluylendiamin  through  the  Urine. 

Exp.  121  :  Dog:  475  kilogs.  in  weight. 
1889. 

Nov.  25.  o*3  gramme  toluylendiamin  subcutaneously. 

26.  100  c.c.  dark  bilious  urine. 

Whole  carefully  collected,  amounting  with  washings  to 
150  c.c. 

3  c.c.  when  diluted  gave  colour  reaction  equal  to  3*4  c.c. 

of  standard  solution  of  toluylendiamin.  (10  mgrms.  in 

100  c.c.) 
3  c.c.  =  o'34  mgrms. 
150  c.c.  =  17  mgrms.  (o'oiy  gramme). 

27.  Urine  dark  bilious.    With  washings,  230  c.c. 

No  trace  of  toluylendiamin  reaction. 

Only  one-eightee?ith  part  of  the  amount  i?jjected  accou?ited  for 
in  the  urine  ;  the  remai?ider  broken  up  within  the  body. 

^  The  urine  of  the  rabbit  gives  naturally  a  faint  colour  reaction  with  sodium  nitrite 
and  dilute  HCl,  so  that  the  figures  here  given  are  really  in  excess  of  the  amount  of  toluy- 
lendiamin actually  present.    This  does  not  affect  the  argument  here  being  considered. 
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Summary.— It  will  thus  be  seen  that  the  organs  containing 
most  of  the  substance  were  those  concerned  in  excretion — 
namely,  the  liver  and  kidneys  (Exp.  126).  Further,  and  still 
more  important,  in  passing  through  the  body  almost  the  whole 
of  the  toluylendiamin  was  broken  up,  only  an  eighteenth  or 
twentieth  part  of  it  being  accounted  for  in  the  urine  and  bile 
excreted  subsequently  to  its  injection  (Exps.  121,  dog,  and 
135,  rabbit). 

This  last  result  I  was  quite  unprepared  for.  Toluylen- 
diamin is  a  remarkably  stable  body,  and  it  had  never  occurred 
to  me  as  possible,  still  less  probable,  that  it  could  be  thus 
broken  up.  The  fact,  however,  that  it  is  so,  supplies,  I  consider, 
the  key  to  the  explanation  of  the  remarkable  effect  of  removal 
of  the  spleen  on  its  action. 

That  explanation  I  consider  to  be  :  that  ce//  activity  plays 
ati  important  part  in  determining  the  fate — and  with  this  the 
h(2molytic  action — of  toluylendiamin. 

Th?  differences  between  it  and  other  destructive  agents  in 
this  respect  are  brought  out  in  the  following  table : 

Comparison  of  Haemolytic  Action  of  (i)  Distilled  Water,  Glycerine, 
or  Pyrogallic  Acid — and  (2)  Toluylendiamin. 


Action  of  Distilled  Water, 
Glycerine,  or  Pyrogallic  Acid. 

1 .  Their  action  on  the  corpuscles 
same  within  the  circulation  as 
outside  the  body. 

2.  Their  injection  followed  by 
hasmoglobinuria. 

3.  Amount  of  destruction  is  pro- 
portional to  amount  injected. 


4.  Destruction  is  greatest  at  the 
time  of  injection  or  immediately 
afterwards — i.e.  is  proportioned  to 
the  amount  within  the  blood. 


Action  of  Toluylendiamin. 

1.  Action  on  the  corpuscles  with- 
in the  body  destructive  :  outside  the 
body  rather  preservative ;  even 
when  in  strength  o{\q)x\  per  cent. 

2.  Injection  not  followed  by 
h?emoglobinuria. 

3.  Amount  of  destruction  is  not 
proportional  to  amount  injected : 
for  it  may  be  great  within  a  small 
dose  {in  the  normal  animal)  and 
absent  altogether  with  double  the 
dose  {in  the  spleenless  animal). 

4.  Destructive  action  is  delayed, 
and  is  not  proportioned  to  amount 
within  the  blood ;  for  it  is  often 
greatest  when  the  total  amount  of 
poison  in  the  blood  is  less  than  a 
milligramme  (out  of  a  total,  e.g.  of 
•5  gramme  injected). 


In  all  these  respects,  then,  the  destructive  action  of  toluy- 
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lendiamin  presents  a  striking  contrast  to  that  of  such  agents  as 
glycerine  or  distilled  water.  It  is  apparently  indirect,  while  that 
of  the  latter  is  direct. 

In  this  respect,  although  to  a  less  marked  degree,  a  similar 
contrast  is  also  presented  by  the  actions  of  toluylendiamin  and 
pyrogallic  acid. 

As  already  described,  after  the  injection  of  pyrogallic  acid 
into  the  blood,  large  numbers  of  red  corpuscles  are  so  injured 
that  within  fifteen  minutes  they  are  to  be  found  enclosed  within 
the  cells  of  the  spleen.  Such  direct  poisonous  action  on  the 
red  corpuscles  was  rarely  observed  with  toluylendiamin.  The 
destructive  action  of  pyrogallic  acid  on  the  blood  is  thus,  to  a 
considerable  extent  at  least,  a  direct  one. 

Further  confirmation  of  the  difference  in  the  action  of  these 
two  drugs  was  afforded,  as  already  seen  by  experiments  in 
which  the  spleen  was  excised.  It  then  appeared  that  while  the 
hsemolytic  action  of  toluylendiamin  was  materially  lessened, 
the  action  of  pyrogallic  was  not  at  all  affected  by  removal  of 
the  spleen. 

Toluylendiamin  thus  differs  from  haemolytic  agents  such  as 
water,  glycerine,  or  pyrogallic  acid — whose  destructive  action 
on  the  circulating  blood  appears  to  be  exactly  the  same  as  on 
the  blood  outside  the  body — in  the  important  particular,  that  its 
destructive  action  can  be  lessened  or  abolished  altogether  by  the 
removal  of  a  richly  cellular  organ — the  spleen. 

Conclusion. 

/  conclude,  therefore,  that  the  activity  of  cells  more  than  any 
other  factor  determines  the  occurence  of  hcemolysis. 

This  conclusion  is,  of  course,  so  far  as  toluylendiamin  is 
concerned,  only  applicable  in  its  entirety  to  the  particular  animal 
on  which  the  observations  have  been  made.  Its  importance, 
however,  is  much  more  wide-reaching,  and  rests  on  the  circum- 
stance that  it  is  capable  of  extension  to  all  animals  for  the 
particular  products  normally  formed  in  the  body  likely  to  exert 
any  injurious  action  on  the  blood. 

For  if  in  the  case  of  a  drug  so  powerful  as  toluylendiamin 
the  cells  are  the  final  arbiters  whether  or  not  it  occasions 
haemolysis,  the  conclusion  is  permissible  that  the  same  will 
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apply  (to  an  even  greater  degree  if  possible)  to  products  formed 
by  these  cells  themselves. 

The  issue  is  left  with  the  cell — a  factor  common  to  all 
animals  alike  ;  and,  so  far  as  haemolysis  is  concerned,  not  with 
cells  generally,  but  with  the  cells  of  the  spleen,  of  the  gastro- 
intestinal capillary  area,  and  of  the  blood. 

[For  summary  of  conclusions  regarding  haemolysis  in  health, 
see  Chapter  XL] 


PART  IX-H^MOLYSIS  AND  JAUNDICE. 

 ♦  


CHAPTER  XL. 
THE  RELATION  OF  HEMOLYSIS  TO  JAUNDICE. 

1.  Obstructive  Nature  of  Hsemolytie  Jaundice. 

The  important  observations  of  Stadelmann  ^  shew  that  a 
number  of  forms  of  jaundice,  formerly  regarded  as  of  non- 
obstructive and  hsematogenous  nature,  are  reahy  of  obstructive 
origin,  caused  by  changes  in  the  character  of  the  bile. 

The  result  has  been  arrived  at  from  a  careful  btudy  of  the 
changes  undergone  by  the  bile  in  forms  of  jaundice  connected 
with  an  excessive  destruction  of  blood  caused  by  certain 
poisons. 

Toluylendiamin  Poisoning. — Of  special  interest  and  importance  in 
this  relation  has  proved  to  be  the  study  of  the  action  of  toluylen- 
diamin. 

Stadelman?i's  Observations. — This  drug  has  the  peculiar  action,  first 
noted  by  Schmiedeberg,  of  causing  intense  jaundice  in  dogs. 

Stadelmann,  at  Schmiedeberg's  suggestion,  undertook  to  investigate 
its  action.  He  was  at  first  quite  unable  to  explain  the  jaundice.  He 
failed  to  find  any  evidence  of  duodenal  catarrh ;  and  the  drug  appeared 
according  to  his  first  observations  to  be  without  any  destructive  action 
on  the  blood.  He  found,  however,  that  it  caused  well-marked  changes 
in  the  bile. 

'  "  Das  Toluylendiamin  und  Seine  Wirkung  auf  den  Thier  korper,"  Arch.  f. 
exper.  Path.  u.  Phannakol.,  Leipzig,  l88r,  bd.  xiv.  ;  "  Zur  Kenntniss  der  Gallenfarb- 
stoflbildung," Leipzig,  1882,  bd.  xv. ;  "  Arsenwasserstoffvergiftung  :  Einweiterer 
Beitrag  zur  Lehre  vom  Icterus,"  7/;?'^/.,  Leipzig,  1883,  bd.  xvi. ;  "Das  Chronische 
Vergiftung  rait  Toluylendiamin," //i^V/.,  Leipzig,  1887;  "  Weitere  Beitriige  zur  Lehre 
vom  Icterus,"  Deutsches  Arch.  f.  klin.  Med.,  Leipzig,  bd.  xviii. ;  "  Ueber  den  Einfluss 
des  experimentell  in  den  Korper  Engefuhrten  Hsemoglobins  auf  Secretion  und  Zusam- 
mensetzung  der  Galle,"  Ibid.,  Leipzig,  bd.  xxvii. ;  "Der  Icterus  und  seine  Verschie- 
dene  Formen,"  Stuttgart,  1891. 
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First  stage.— bile  is  increased  in  quantity,  and  is  very  rich 
in  bile  pigments ;  this  stage  beginning  about  two  hours  after  the 
injection,  and  lasting  about  twelve  hours. 

Second  stage.— li  loses  all  the  characters  of  bile,  and  is  replaced 
by  a  small  quantity  of  viscid,  colourless  mucus.  This  begins  about 
the  fourteenth  hour,  and  lasts  from  sixty  to  seventy  hours. 

Third  stage.— bile  gradually  returns  to  its  normal  character. 
The  jaundice  begins  during  the  first  stage,  reaches  its  maximum 
during  the  second,  and  gradually  disappears  during  the  third. 

Behaviour  of  Bile  acids.— ThQ  jaundice  is  marked  by  the  pre- 
sence of  bile  acids  in  the  urine,  sometimes  in  abundant  quantity. 
This  increase  of  the  bile  acids  does  not  occur  contemporaneously 
with  the  increase  in  the  bile  pigments.    On  the  contrary,  they  are 
usually  diminished  during  the  first  stage,  at  the  time  when  the 
bile  pigments  are  increased.    It  is  only  about  the  twenty-second, 
thirty-first,  or  forty-eighth  hour  that  they  appear  in  the  urine ;  they 
reach  their  maximum  in  the  next  twenty-four  hours,  diminish 
during  the   following  twenty-four   hours,   and   then  disappear 
altogether.    Their  appearance  in  the  urine,  therefore,  does  not 
correspond  in  point  of  time  with  the  development  of  the  jaundice, 
for  the  latter  is  well  developed  fifteen  to  twenty  hours  after  the 
injection,  while  the  bile  acids  do  not  appear  until  later. 
Afanassieiv'' s  Observations. — In  one  important  particular  Afanassiew  ^ 
supplemented  these  observations  by  shewing  that  the  drug  exercises  a 
markedly  destructive  action  on  the  blood,  an  observation  subsequently 
confirmed  by  Stadelmann  himself. 

Obstructive  Nature  of  the  Jaundice. — This  observation  seemed  to 
supply  the  missing  clue  to  the  explanation  of  the  jaundice.  That 
explanation,  according  to  Stadelmann,  is  that  the  drug  causes  a  destruc- 
tion of  blood ;  the  hjemoglobin  set  free  leads  to  an  increased  formation 
and  excretion  of  bile  pigments ;  this  increased  excretion  is  attended  by 
an  altered  character  of  the  bile  in  the  direction  of  increased  viscidity ; 
this,  in  the  face  of  the  low  pressure  at  which  the  bile  is  excreted,  causes 
a  temporary  obstruction,  and  leads  to  a  re-absorption  of  the  bile )  and 
when  the  action  of  the  drug  exhausts  itself,  the  bile  gradually  loses  its 
viscid  character,  the  flow  of  bile  is  re-established,  and  the  jaundice 
disappears. 

In  the  case  of  this  drug,  then,  it  will  be  noticed  that  a  jaundice, 
possessing  at  first  sight  all  the  characters  of  a  hgematogenous  jaundice, 
depends  upon  increased  viscidity  of  the  bile  causing  temporary  arrest  of 
its  flow. 

Phosphorus  poisoning. — The  jaundice  of  phosphorus  poisoning, 
always  regarded  as  a  typical  example  of  non-obstructive  jaundice,  has 
'  Ztschr.  f.  klin,  Med,,  Berlin,  bd.  vi. 
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been  shewn  by  Stadelmann  to  be  due  to  similar  changes,  differing  only 
in  one  respect,  that  they  are  slower  in  their  production. 

Ten  hours  after  the  administration  of  this  poison,  the  bile 
begins  to  be  darker  in  colour ;  the  bile  pigments  are  increased  by 
one-half,  the  bile  acids  at  the  same  time  being  diminished.  For 
the  next  twenty-four  hours  these  conditions  persist,  and  no 
jaundice  develops.  Then  the  bile  begins  to  change  its  character  ; 
it  becomes  clearer,  more  mucoid ;  its  quantity  sinks  to  about  one- 
fifth ;  the  bile -pigments  fall  to  one-half  or  one-third  their  normal 
amount ;  and  the  bile  acids  fall  to  a  very  low  amount,  o'l,  o'i5,  or 
07,  instead  of  the  normal  I'gG. 

It  is  at  this  stage  that  jaundice  develops ;  but  it  only  reaches 
a  maximum  about  five  days  after  the  administration  of  the 
poison.  As  the  jaundice  disappears  there  is  again  an  increased 
excretion  of  bile  pigments,  doubtless  derived  by  re-absorption  from 
the  tissues.  The  bile  acids,  however,  remain  diminished  for  some 
days  longer ;  and  it  is  not  till  the  tenth  or  eleventh  day  that  they 
again  reach  their  normal. 
Arseniuretted  hydrogen. — A  similar  explanation  applies  to  the  jaundice 
produced  by  inhalation  of  arseniuretted  hydrogen. 

Stadelmann's  observations  shew  that  the  action  of  this  is 
attended  by  a  remarkable  condition  of  concentration  of  the  bile, 
the  gall-bladder  and  bile  ducts  being  filled  with  a  thick  viscid  bile, 
which  frequently  contains  large  quantities  of  amorphous  sediment, 
as  well  as  numerous  crystals  of  bilirubin.  Hence  he  concludes  that 
the  jaundice  is  undoubtedly  the  result  of  absorption — hepatogenous 
and  not  hsematogenous. 

The  increase  in  the  bile  pigments  in  the  first  instance  was  as 
great  as  three  and  a  half  times  its  previous  amount ;  and  relatively 
still  greater  (twenty  times),  the  quantity  of  bile  being  reduced  five 
and  a  half  times. 

The  bile  acids,  on  the  other  hand,  were  reduced  to  as  much  as 
one-tenth  their  normal  amount. 

The  relation  of  the  various  events  to  each  other  he  conceives 
to  be  as  follows  : — "Without  doubt  the  breaking  down  of  the  blood 
is  the  occasion  for  the  icterus — but  only  through  the  agency  of  the 
liver,  which  produces  an  abnormal  bile,  in  consequence  of  the 
abnormal  blood  conveyed  to  it." 

H(2matogenous  jaundice  really  due  to  obstruction.  —  These 
observations  are  important,  not  only  as  serving  to  explain  the 
action  of  the  particular  drugs,  but  still  more  in  relation  to  the 
pathology  of  so-called  "  non-obstructive  "  jaundice  generally. 

The  jaundice  of  phosphorus  poisoning  has  long  been  held  to 
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be  a  striking  example  of  jaundice  unconnected  with  any  obstruc- 
tion— of  a  jaundice  due  to  suppression.  So  also  the  jaundice 
connected  with  an  excessive  destruction  of  haemoglobin,  e.g.  in 
burns  and  scalds  (Klebs,  Ponfick,  Lassar) ;  following  the  injec- 
tion of  water  or  haemoglobin  (Kiihne,  Tarchanoff) ;  or  the 
inhalation  of  ether  and  chloroform  (Nothnagel) ;  of  poisoning 
with  pyrogallic  acid  or  naphthol  (Neisser)  ;  of  paroxysmal 
haimoglobinuria,  malaria,  pernicious  anaemia — has  been  held  to 
be  an  example  of  a  jaundice  of  haematogenous  origin. 

And  yet  for  phosphorus  itself,  as  well  as  for  toluylendiamin 
and  arseniuretted  hydrogen,  which  both  exercise  a  markedly 
destructive  action  on  the  blood,  these  observations  would  appear 
to  shew  that  the  jaundice  they  severally  occasion,  differing  though 
it  may  do  in  respect  of  its  intensity,  rapidity  of  onset,  and  other 
characters,  is  in  all  cases  the  result  of  changes  in  the  character  of 
the  bile,  and  is  essentially  obstructive  in  its  nature. 

Significance  of  bile  acids. — Moreover,  the  very  feature  which 
was  held  to  distinguish  a  jaundice  of  hcBJnaiogenous  from  one  of 
obstructive  origin,  namely,  the  absence  of  bile  acids  from  the 
urine  in  the  former,  receives  from  these  observations  an  entirely 
different  explanation. 

It  has  hitherto  been  assumed  that  the  formation  of  the  bile 
pigments  and  bile  acids  by  the  liver  cells  must  necessarily  go 
hand  in  hand  ;  and  that  an  increase  or  diminution  in  the  one  must 
be  accompanied  by  a  corresponding  increase  or  diminution  in 
the  other.  On  this  assumption,  the  absence  of  bile  acids  from 
the  urine  at  any  time  when  bile  pigments  were  present,  was 
regarded  as  denoting  that  the  bile  pigments  had  been  formed 
elsewhere  than  in  the  liver.  Stadelmann's  observations  demon- 
strate for  the  first  time  that  the  two  processes  do  not  necessarily 
go  hand  in  hand.  On  the  contrary,  a  large  excretion  of  bile 
pigments  may  be  attended  by  a  diminished  excretion  of  bile 
acids,  and  conversely.  In  no  respect,  indeed,  are  his  observa- 
tions, in  my  opinion,  more  striking  than  in  the  demonstration 
they  afford  of  this  fact ;  and  to  it  Stadelmann  rightly  attaches  a 
special  importance. 

If  thus,  as  appears,  bile  pigments  can  be  formed  by  the  liver 
cells  without  any  corresponding  formation  of  bile  acids,  the 
absence  of  bile  acids  from  the  urine  in  certain  forms  of  jaundice 
need  not  necessarily  denote,  as  has  hitherto  been  supposed, 
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inactivity  on  the  part  of  the  liver.  On  the  contrary,  it  is  quite 
compatible  with  increased  activity  of  the  liver  and  increased 
formation  of  bile  pigments — and  with  a  jaundice  of  purely 
obstructive  nature  connected  with  the  excretion  of  these  bile 
pigments. 

On  this  view,  then,  many  forms  of  jaundice  connected  with 
disorder  of  the  blood,  hitherto  regarded  as  of  non-obstructive 
nature,  must  be  grouped  as  varieties  of  obstructive  jaundice — 
the  occasion  of  the  obstruction  being  intimate  changes  in  the 
character  and  consistence  of  the  bile,  similar  to  those  caused  in 
phosphorus  and  toluylendiamin  poisoning. 

Cause  of  the  Obstruction. 

Stadelmann's  Explanation.  An  important  point,  then,  with 
regard  to  such  forms  of  jaundice,  is  to  understand  how  the 
blood  changes  cause  the  increased  viscidity  of  the  bile  which 
occasions  the  obstruction. 

According  to  Stadelmann,  the  relationship  is  of  this  kind. 
The  blood  disorder  is  usually  marked  by  increased  destruction 
of  blood  ;  the  increased  supply  of  haemoglobin  to  the  liver 
occasions  an  increased  formation  of  bile  pigments,  which  is 
attended  at  the  same  time  by  an  increased  concentration  of  the 
bile,  caused  by  the  specific  action  of  the  poison  on  the  liver 
cells ;  this  change  in  the  character  of  the  bile  suffices  to  cause 
temporary  obstruction  to  the  flow  of  bile  (with  jaundice).  The 
most  constant  and  important  change  he  regards  as  the  increased 
formation  of  bile  pigments  {polychroinid) — so  much  so,  that  in 
his  opinion  the  jaundice  might  most  fitly  be  termed  "jaundice 
from  polychromia."  ^ 

He  takes  strong  exception  to  the  term  "  polycholia"  in  this 
relation,  as  fitly  describing  the  character  of  the  jaundice.  He 
contends  that  the  term  polycholia  can  only  be  rightly  applied 
where  there  is  an  increase  of  all  the  constituents  of  the  bile,  both 
watery  and  solid.  And,  as  he  points  out,  this  is  not  the  case  in 
the  forms  of  jaundice  now  under  consideration.  So  far  from  the 
quantity  being  increased,  it  is  often  diminished  from  the  very 
first ;  and  so  far  from  the  bile  salts  being  increased,  they  are  as 
a  rule  notably  diminished,  only  regaining  the  normal  when  the 
jaundice  is  passing  off 

^  Stadelmann,  Dcr  Icterus  Jind  seine  Verschiedcne  Formeit,  p.  247. 
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Author's  Observations. 

It  is  on  this  point— the  relation  between  the  blood  changes 
and  the  bile  changes — that  my  observations  yield  information. 

They  relate  to  the  action  of  toluylendiamin.  They  shew 
that  the  concentration  of  bile,  so  marked  a  feature  of  its  action, 
is  due  to  an  extensive  catarrh  of  the  bile  ducts,  occasioned  by 
the  excretion  of  the  poison  or  its  derivatives  through  the  bile, — 
extending,  not  from  the  duodenum  upwards,  but  from  the  intra- 
hepatic bile  capillaries  downwards. 

It  is  the  increase  of  the  catarrhal  viscid  mucus  thus  occa- 
sioned that  causes  the  concentration  of  the  bile,  and  temporarily 
arrests  its  flow  altogether. 

In  all  cases,  where  jaundice  followed  the  injection  of  toluy- 
lendiamin, I  found  congestion,  catarrh,  and  swelling  of  the 
mucous  membrane  of  the  duodenum,  commencing  on  a 
level  with  the  opening  of  the  bile  duct,  and  always  most 
intense  around  the  duodenal  papilla.    The  degree  of  con- 
gestion varied  in  different  cases.    In  only  one  case  was  it 
of  so  slight  a  nature  that  it  might,  perhaps,  have  been  over- 
looked ;  and  that  was  the  only  case  in  which  there  was  no 
jaundice.    In  all  the  other  cases  it  was  very  marked.    In  one 
ease,  so  great  was  the  swelling  of  mucous  and  submucous 
coats,  that  the  lumen  of  the  duodenum  was  greatly  lessened, 
the  contents  being  clear,  colourless,  viscid  mucus,  free  from 
bile.    In  all  cases  a  similar  catarrh  existed  in  the  intra- 
hepatic bile  ducts. 
In  respect  of  its  intensity,  the  condition  in  Experiment  133 
was  exceptionally  striking.    My  object  was  not  merely  to  pro- 
duce extreme  jaundice,  but  to  ascertain  whether,  by  giving 
another  large  dose  (0'5  gramme)  while  the  jaundice  was  still  very 
marked,  the  duodenal  condition  could  be  correspondingly  inten- 
sified.  The  result  was  that  all  the  essential  features  were  intensi- 
fied, especially  the  limitation  of  the  congestion  upwards,  and 
its  great  intensity  around  the  opening  of  the  bile  duct.  In 
addition,  however,  in  this  case,  the  catarrh  of  the  bile  ducts  was 
very  manifest— the  clear  viscid  mucus  projecting  from  the  orifice 
of  the  common  bile  duct  being  of  the  same  character  as  that 
occupying  the  duodenum  itself  (see  Plate  XIII.). 
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Action  of  Toluylendianmi  on  Duodenum  and  Bile  Ducts. 
Exp.  63  :  Small  Dog :  weight,  4400  grammes. 

1887. 

Nov.  24.  0  5  gramme  toluylendiamin  in  neutral  saline  solution  injected 
subcutaneously. 

26.  Jaundice  of  conjunctivae  well  marked,  also  evident  in  skin  of 

ears  and  mucous  membrane  of  gums. 
28.  Weight,  4300;  jaundice  very  pronounced  all  over  body,  espe- 
cially seen  over  abdomen. 
,,    29.  Jaundice  still  pronounced ;  weight,  4050.    Animal  killed  with 
chloroform. 

Liver. — Greatly  jaundiced,  large,  soft,  and  somewhat  fatty  looking. 
Gall-bladder. — Contains  a  quantity  of  extremely  dark,  thick,  inspis- 
sated bile. 

Periphery  of  lobule  presents  a  bright,  golden-yellow  appearance,  seen 
on  microscopic  examination  to  be  due  to  the  presence  of  large  masses  of 
yellow  material.  Many  of  even  the  larger  bile  ducts  plugged  with  in- 
spissated bile. 

Great  stasis  of  bile  also  in  capillaries  in  centre  of  lobule. 

Intralobular  blood  capillaries  filled  with  coloured  remains  of  haemo- 
globin and  red  corpuscles. 

Stomach. — Firmly  contracted ;  empty ;  mucous  membrane  thrown 
into  rugae,  of  a  pale  yellow  colour, 

Duodenum. — Appearances  very  striking.  From  the  pylorus  down- 
wards, for  a  distance  of  about  twelve  inches,  its  mucous  membrane  is 
extremely  swollen  and  congested,  shewing  at  parts  small  haemorrhages. 
This  is  most  marked  at  the  upper  part  of  the  duodenum,  especially 
around  the  opening  of  the  common  duct. 

The  congestion  and  swelling  of  mucous  membrane  diminish  in 
intensity  from  this  point  downwards,  and  disappear  altogether  about 
the  commencement  of  the  jejunum. 

Compared  with  the  mucous  membrane  from  the  duodenum  of  a 
healthy  dog,  the  mucous  membrane  is  seen  to  be  soft  and  swollen,  and 
on  section  twice  to  three  times  as  thick.  Small  haemorrhages  are  seen 
in  its  substance. 

Exp.  64:  Fox-Terrier  Dog:  weight,  7-15  kilogs. 

1887. 

Dec.  2.  Spleen  excised  with  full  antiseptic  precautions ;  edges  of  abdo- 
minal incision  brought  together  with  catgut;  skin  edges 
with  silk. 

5.  Animal  recovered  ;  weight,  6450;  0*5  gramme  toluylendiamin 
injected  subcutaneously. 
„  6.  Conjunctival  jaundice. 
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Dec.  7.  Pronounced  jaundice  all  over  body. 

,,   8.  Jaundice  still  more  marked  ;  weight,  6050. 
Killed  with  chloroform. 
Peritoneal  wound  healed. 
No  inflammation. 

Liver.— Very  dark  and  full  of  blood.  Lobules  not  distinguishable 
to  naked  eye.  Microscopically,  the  central  part  of  each  lobule  presents 
the  most  beautiful  natural  injection  of  the  bile  capillaries  with  bile. 

Ga/Z-^/adi/er.— Contains  a  small  quantity  of  intensely  dark  bile. 

S/owacA.—Mucons  membrane  normal,  pyloric  end  bile-stained. 

Z>uoden//m.—ContmnH  a  large  quantity  of  deeply  bile-stained  viscid 
mucus.  The  mucous  membrane  is  greatly  swollen,  soft,  and  congested, 
with  here  and  there  punctiform  hemorrhages.  The  congestion  is  most 
intense  at  the  upper  part  around  the  opening  of  the  common  bile  duct, 
and  diminishes  gradually  from  there  downwards,  till  at  a  distance  of 
some  10-12  inches  from  the  pylorus  the  mucous  membrane  assumes  a 
normal  healthy  appearance.  The  intestinal  mucous  membrane  through- 
out is  covered  with  deeply  bile-stained  thick  viscid  mucus. 

The  appearances  are  similar  in  character  to  those  presented  in 
foregoing  experiment,  only  less  marked. 

£xp.  121  :  Nov.  27,  1889.    Small  Dog  :  weight,  475  kilogs.  :  0-3 
grammes  toluylendiamin  injected  subcutaneously. 
Nov.  26.  ICQ  c.c.  dark  bilious-looking  urine. 

,,   27.  Weight,  4-5  kilogs.;  well-marked  jaundice;  160  c.c.  urine, 

deeply  bile  stained. 
„  28.  Weight,  4-35  kilogs. 

Jaundice  very  pronounced. 
Killed  with  chloroform. 
Stomach. — Empty ;  mucous  membrane  thrown  into  folds,  normal  in 
colour  and  appearance ;  towards  pyloric  end  slightly  bile-stained. 

Duodenum. — The  mucous  membrane  of  duodenum  is  congested 
and  ecchymosed,  presenting  marked  injection  at  parts.  The  congestion 
and  ecchymosis  commences  on  a  level  with  the  papilla  on  which  the 
bile  duct  opens ;  and  is  very  marked  over  a  tract  of  3  inches  in  extent 
from  this  papilla  downwards. 

Just  below  the  papilla  the  congestion  has  a  circular  arrangement 
around  a  central  deeper  and  paler  part,  the  appearance  at  first  glance 
resembling  that  of  an  ulcer.  The  floor,  consisting  of  follicular  tissue, 
is  pale;  around  the  margins  the  villi  are  swollen,  congested,  and 
ecchymosed.  At  the  upper  part  three  such  congested  follicular  patches 
— axis  transverse  to  that  of  gut — measuring  13  mm.  by  4  mm.,  10  mm. 
by  5  mm.,  the  third  incomplete.     One  inch  lower  down  another 
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similarly  congested  patch,  ii  mm.  by  4^  mm. ;  and  i|  inches  still  lower 
down,  another,  11  mm.  by  7  mm. 

The  congestion  extends  from  here  the  whole  way  down  to  the  ileo- 
csecal  valve,  without,  however,  any  ecchymoses ;  the  mucous  membrane 
swollen  and  oedematous.  Just  above  the  ileo-csecal  valve,  over  an  area 
of  3^-  inches  in  extent,  there  is  a  repetition  of  the  redness,  swelling,  and 
ecchymosis  seen  at  the  upper  part  of  the  duodenum.  Near  lower  end 
of  ileum,  follicular  patches  prominent  and  swollen,  but  not  reddened.  At 
this  point  a  considerable  quantity  of  dark  brown  bile,  sufficient  to  fill  the 
lumen  of  the  gut;  elsewhere  throughout  the  gut,  deeply  bile-stained  mucus. 

The  whole  wall  of  the  gut  is  affected  by  the  swelling,  most  of  all, 
however,  the  mucous  membrane. 

A  number  of  measurements  made  on  a  healthy  dog  give  an  average 
thickness  of  2f  mm.  for  wall  of  gut ;  the  measurements  here  give  a 
thickness  of  44-5  mm.,  the  mucous  membrane  alone  being  3I  mm.  thick. 

Exp.  129:  Dec.  7,  1889.    Dog:  weight,  5*5  kilogs. ;  0*25  gramme 
toluylendiamin  injected  subcutaneously, 
Dec.  8.  80  c.c,  clear  straw-coloured  urine. 
No  bile  pigments. 

Gives  marked  reaction  of  toluylendiamin. 
„   9.  Urine  slightly  darker  in  colour. 
Still  no  bile  pigments. 

Reaction  of  toluylendiamin  distinct  but  less  marked. 
,,    10.  Distinct  reaction  of  bile  pigments  in  urine. 

No  jmmdice  of  skin  or  conjunctivae. 
,,    II.  Urine — Distinct  reaction  of  bile  pigments. 
No  reaction  of  toluylendiamin. 
0-34  gramme  toluylendiamin  subcutaneously. 
„    17.  Weight,  4"5 5.    No  jaundice. 
Killed  with  chloroform. 
Duodenum  and  intestine. — On  opening  intestine  from  below  upwards, 
mucous  membrane  is  seen  to  be  of  pale  colour  and  healthy  appearance 
up  to  within  12-18  inches  of  pylorus.    It  then  shews  slight  traces  of 
congestion,  but  these  are  not  marked,  and  are  not  such  as  would  attract 
attention. 

Exp.  133  :  Dec.  10,  1889  ;  weight,  10*9  kilogs.  ;  0*5  gramme 
toluylendiamin  injected  subcutaneously. 
Dec.  14.  lo'i  kilogs. 

„   15.  0*5  gramme  injected. 
„    16.  9-25  kilogs. 
„    17.  8-95  kilogs. 

Killed  with  chloroform. 
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Extreme  jaundice  from  second  day.  During  whole  time  the  animal 
took  no  food  and  rapidly  emaciated. 

S^omac/i.— Empty.  Mucous  membrane  thrown  into  folds,  pale  and 
normal. 

Bt(odeHum.— Directly  on  opening  abdomen,  the  duodenum  is  seen 
to  be  affected,  its  walls  turgid,  swollen,  and  doughy  to  the  touch.  On 
being  opened,  the  most  intense  inflammatory  congestion  of  its  coats, 
especially  the  mucous  and  sub-mucous  coats;  the  lumen  of  the  gut 
narrowed,  and  filled  with  dear,  thick  mucus  free  from  bile.  The  con- 
gestion and  swelling  have  their  greatest  intensity  around  the  opening  of 
the  common  bile  duct,  from  which  thick  mucus  can  be  seen  issuing ; 
and  for  a  distance  of  about  8  inches  downwards  from  the  point  it  is  of 
the  most  intense  character,  the  whole  walls  oedematous  and  thickened. 

Below  this  it  gradually  fades  off,  but  throughout  the  whole  of  the 
small  intestine  the  mucous  membrane  is  considerably  swollen  and 
congested,  the  follicular  patches  here  and  there  being  very  prominent  by 
the  congestion  around  their  margins. 

The  appearances  are  accurately  represented  in  the  accompanying 
Plate,  from  a  drawing  made  immediately  on  opening  the  duodenum 
(see  Plate  XIII.). 

Results. — As  regards  the  relation  of  this  duodenitis  to  the 
jaundice,  it  vvill  be  noted  that  in  only  one  case  w^as  there  little  or 
no  obvious  jaundice  (although  bile  pigments  were  present  in  the 
urine)  ;  and  that  was  the  only  case  in  which  the  duodenal  con- 
dition was  so  slight  that  it  might  conceivably  have  been  over- 
looked (Exp.  129).  In  the  other  cases  the  oedematous  swelling 
of  the  mucous  membrane  was  such  that  it  must  necessarily 
cause  obstruction  if  existing  in  the  bile  channels.  A  condition 
of  catarrh  falling  far  short  of  that  here  produced  would  amply 
suffice  to  retard,  and,  if  continued,  finally  arrest  the  flow  of  bile 
along  the  bile  channels.  And  so  indeed  it  did.  For  the  animals 
were  in  all  cases  deeply  jaundiced. 

The  catarrh  and  swelling  of  mucosa  were  not  confined 
to  the  duodenum.  The  bile  duct  and  intra-hepatic  ducts  were 
filled  with  colourless  mucus  similar  to  that  lying  within  the 
duodenum  ;  a  circumstance  which  suggested  that  whatever  had 
occasioned  the  catarrh  had  reached  the  duodenum  through  the 
bile. 

For  the  drug  was  not  administered  by  the  mouth,  but  hypo- 
dermically  ;  the  mucous  membrane  of  the  stomach  above  the 
pylorus  was  always  free  from  the  slightest  trace  of  abnormality 
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or  congestion,  and  it  was  precisely  on  a  level  with  the  opening 
of  the  bile  duct  that  the  duodenitis  commenced.  The  irritant — 
using  that  term  in  its  widest  sense — appeared  to  have  reached 
the  duodenum  through  the  bile ;  and  its  action  on  the  mucous 
membrane  of  the  bile  duct,  to  judge  from  the  viscid  character 
of  the  colourless  mucus  issuing  from  the  bile  duct,  had  been 
the  same  as  on  the  mucous  membrane  of  the  duodenum. 

Excretion  of  Toluylendiamin  through  the  Bile. 

I  therefore  made  further  experiments  to  ascertain  whether 
the  poison  was  excreted  through  the  liver,  and  could  be  found 
in  the  bile. 

The  results  shew  that  the  bile  is  one  of  the  channels  through 
which  toluylendiamin  is  excreted  from  the  body. 

Results. 

As  early  as  one  hour  after  injection,  traces  of  it  could  be 
detected  in  the  bile  (Exps.  119  and  125);  and  by  the 
fourth  hour,  it  was  present  in  an  appreciable,  albeit  still  very 
small,  amount. 

In  the  present  relation,  however,  the  actual  amount 
excreted  is  a  matter  of  comparatively  little  importance. 

The  point  of  importance,  as  it  appears  to  me,  is  that  it  is 
excreted  at  all  through  this  channel. 

The  other  experiments  I  have  recorded  shew  that  toluy- 
lendiamin is  broken  up  very  soon  after  its  introduction  into 
the  body  ;  and  that  the  greater  part  of  it  is  either  destroyed 
or  leaves  the  body  in  some  other  form.  Information  on  this 
point  is  afforded  most  clearly  by  Experiment  121.  Of 
the  total  amount  of  toluylendiamin  injected  (0*3  gramme), 
only  about  ^th  part  could  be  discovered  in  the  urine  ('017 
gramme). 

No  less  striking  in  the  same  relation  is  the  small  amount 
of  the  poison  to  be  detected  in  the  blood  even  one  hour  after 
its  injection.  Thus  one  and  a  quarter  hours  after  injection  of 
0'4  gramme  (Exp.  125),  only  a  trace  could  be  found  in  the 
whole  quantity  of  blood. 

It  may  be,  of  course,  that  the  poison  has  already 
entered  into  some  combination  which  prevents  it  being 


PLATE  XIII. 
To  face  page  432. 


PernMous  Anmnia,  Dr.  W.  Hunter. 


ISale  and  Danielsson,  Ltd.,  Lilh. 


OBSTRUCTIVE  NATURE  OF  THE'jAtirf6t?i^^'^*'^  '^435''^' "  ' 

detected.  It  certainly  is  not  present  in  free  form  ;  for  the 
Experiments  131  and  132  shew  that  the  method  em- 
ployed for  detecting  it  is  sufficiently  delicate  to  recognize 
95  to  97  per  cent,  of  the  substance  when  added  to  blood 
outside  the  body. 

Considering  then,  the  small  amount  present  at  any  time 
in  the  blood,  and  the  small  proportion  (y^)  that  succeeds  in 
escaping  unbroken  from  the  body,  the  trace  found  in  the 
bile  is  not  inconsiderable. 

Nature  of  tJie  Irritant. 

The  question  then  arises — are  the  catarrh  and  congestion  set 
up  in  the  bile  ducts  and  duodenum,  after  the  injection  of  toluy- 
lendiamin,  to  be  ascribed  to  the  irritant  action  of  this  small  trace 
of  poison  in  the  bile  ? 

I  think  this  is  extremely  improbable,  and  for  this  reason. 
Toluylendiamin  has  a  slight  irritant  action,  especially  in  its 
stronger  solution  {2\  or  5  per  cent.)  when  injected  subcutan- 
eously,  causing  some  inflammation,  with  subsequent  necrosis  of 
overlying  skin  and  scab  formation.  Such  an  action,  however, 
is,  I  consider,  no  criterion  of  what  its  action  on  the  mucous 
surfaces  of  the  bile  ducts  or  duodenum  may  be.  I  think  it 
extremely  improbable  that  the  small  amount  in  which  it  is 
present  in  the  bile  can  exert  such  an  irritant  action  as  that 
I  have  described. 

It  is,  I  conceive,  much  more  likely  that  the  irritant  action  of 
the  bile  after  toluylendiamin  poisoning  is  due  to  the  presence  of 
derivatives  of  the  poison,  and  not  to  the  poison  itself.  The  fore- 
going observations  shew  that  only  a  small  proportion  (jig,  Exp. 
121)  passes  through  the  body  unchanged.  The  remainder  is  either 
destroyed,  or  converted  into  derivatives,  which,  like  the  poison 
itself,  are  in  all  probability  excreted  through  the  urine  and  the  bile. 

Whatever  the  nature  of  the  irritant,  these  observations  shew 
that  it  is  contained  in  the  excreted  bile  ;  that  it  reaches  the  duo- 
denum through  the  bile  ;  and  that  it  must  be  of  powerful  action  to 
induce  such  an  inflammatory  congestion  as  that  described. 

Cause  of  the  Jaundice. 

The  explanation  of  the  jaundice  produced  by  toluylendiamin 
appears  to  me,  then,  to  be— that  products  of  the  poison  are 
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excreted  through  the  bile,  and  excite  swelling  and  catarrh,  with 
increased  secretion  of  mucus,  in  its  course  down  the  bile 
passages  into  the  duodenum. 

TJie  involvement  of  the  duodenum  I  do  not  consider  at  all 
necessary  for  the  pi'oduction  of  the  jaundice.  The  duodenal  catarrh 
is  secondary  to  that  of  the  bile  ducts.  It  is  only  in  exceptionally 
severe  cases  that  it  occurs.  The  primary  cause  of  the  obstruction 
is,  I  consider,  the  catarrh  of  the  intrahepatic  bile  ducts.  Under 
the  low  pressure  at  which  the  bile  is  excreted,  a  slight  degree  of 
catarrh  in  this  situation  suffices  to  cause,  first,  increased  viscidity 
of  the  bile,  retardation  in  the  flow  (end  of  first  stage) ;  and  as 
the  catarrh  spreads  down  the  bile  ducts  and  the  viscidity  in- 
creases, the  flow  of  bile  is  altogether  arrested  (second  stage). 

This  view,  as  to  the  relation  of  the  catarrh  to  jaundice, 
differs  essentially,  it  will  be  seen,  from  the  one  usually  accepted, 
according  to  which  the  catarrh  spreads  upwards  from  the  duo- 
denum, the  latter  preceding  the  former. 

In  the  present  case,  as  I  have  said,  I  consider  the  duodenal 
condition  quite  unnecessary  to  the  production  of  the  catarrh. 
For  the  course  of  the  catarrh  is  from  above  downw^ards  ;  it 
commences  in  the  bile  radicles,  and  extends  downwards  ;  and  in 
many  cases  it  may  not  even  reach  the  duodenum.  As  it  is  pro- 
duced by  substances  excreted  by  the  liver,  it  involves,  therefore, 
the  whole  bile  radicles  and  smaller  ducts  simultaneously,  and  to 
a  like  degree.  In  slight  cases  it  may  not  extend  beyond  these  ; 
and  it  would  be  quite  impossible  (apart  from  its  result,  jaundice) 
to  recognize  it  after  death. 

As  a  factor  in  causing  jaundice,  it  derives  its  chief  importance 
from  the  widespread  character  of  the  obstruction  it  produces,  rather 
than  fro?n  its  high  degree.    The  increased  secretion  of  mucus 
occasions  increased  viscidity  of  bile  sufficient  to  occasion  a  cer- 
tain amount  of  obstruction  and  a  certain  degree  of  jaundice. 


CHAPTER  XLI. 


OTHER  VIEWS  REGARDING  RELATION  OF  BLOOD 
DESTRUCTION  TO  JAUNDICE. 

Other  views  have  been  held  regarding  the  relation  between 
increased  destruction  of  blood  and  jaundice. 

1.  Relation  to  Hsemoglobinsemia. 

It  is  necessary  to  consider  what  is  the  influence  of  a  haemo- 
globinasmia  per  se,  with  increased  formation  of  bile  pigments 
(polychromia),  on  the  consistence  of  the  bile,  and  through  the 
latter  on  jaundice. 

That  some  relation  exists  between  these  two  conditions  is 
evident  from  the  frequency  with  which  some  degree  of  jaundice 
is  met  with  (both  clinically  and  experimentally)  in  cases  where 
haemoglobin  has  been  set  free  in  the  blood  and  passes  into  the 
urine. 

The  observation  that  some  relation  exists  between  the  two 
conditions  formed  in  Kiihne's  hands  the  very  starting-point  of 
the  doctrine  of  a  hsematogenous  jaundice  independent  of  any 
destruction. 

Kiihne  ^  considered  this  relation  an  absolute  and  quantitative 
one.  An  excess  of  free  haemoglobin  in  the  blood  was  of  itself 
sufficient,  according  to  him,  to  occasion  a  certain  degree  of 
jaundice — such  a  degree,  at  least,  as  to  cause  bile  pigments  to 
appear  in  the  urine. 

The  later  experiments  of  TarchanofF  and  Stadelmann  seemed 
to  lend  additional  support  to  this  view. 

Thus,  according  to  Tarchanoff,'^  bile  pigment  is  regularly 
found  in  the  urine  of  dogs  after  injection  of  water  or  haemo- 
globin into  the  blood. 

'  Lehrbuck  der physioL  C hemic ,  1868. 
^  Arch.  f.  d.  gcs.  Physiol.,  Bonn,  bd.  ix. 
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And,  as  we  have  seen,  Stadelmann  attaches  quite  a  special 
importance  to  the  increase  of  bile  pigments  (polychromia)  which 
occurs  under  such  circumstances,  as  one  of  the  chief  factors  in 
occasioning  a  form  of  jaundice.  The  jaundice  so  caused  might, 
he  considers,  be  most  fitly  termed  'jaundice  from  polychromia.' 
After  injection  of  large  quantities  of  hjemoglobin,  he  usually 
found  a  trace  of  bile  pigment  in  the  urine  some  time  or  other 
in  the  course  of  the  experiment. 

Stadelmann's  observations  go  still  further ;  for  they  show 
in  what  manner  an  excess  of  free  haemoglobin  may  produce 
jaundice.  The  injection  of  free  haemoglobin  into  the  blood,  or 
its  liberation  within  the  circulation  by  use  of  distilled  water, 
is  followed  by  changes  in  the  bile,  namely,  increase  of  bile 
pigments,  increased  viscidity  of  the  bile,  diminution  of  bile  acids 
— changes,  therefore,  similar  in  character  to  those  caused  by 
toluylendiamin  or  arseniuretted  hydrogen.  And  the  explana- 
tion of  the  jaundice  that  may  occur  under  such  circumstances 
is,  according  to  him,  the  same — namely,  obstruction  caused  by 
the  high  concentration  of  the  bile,  and  this,  in  turn,  caused  by 
the  polychromia.  Nothing  at  first  sight  seems  wanting,  there- 
fore, to  an  understanding  of  the  relation  between  haemoglobin- 
aemia  and  jaundice. 

And  yet  other  data,  to  which  I  must  now  direct  attention, 
appear  to  me  to  indicate  that  the  relation  is  by  no  means  so 
simple  and  so  constant  as  the  above  would  appear  to  shew. 
They  justify  rather  the  conclusion  that  Jicenioglobinceniia,  apart 
from  the  operation  of  other  factors,  is  not  sufficient  to  cause 
jaundice. 

Influence  of  Hcenioglobincemia  in  producing  faundice. 

Let  us  first  endeavour  to  ascertain  the  influence  of  a  simple 
excess  of  free  haemoglobin  in  the  blood  in  producing  jaundice, 
apart  from  all  other  possible  factors. 

Hcenioglobincemia  is  not  of  itself  sufficient  to  cause  bile  pigments 
to  appear  in  the  urine,  still  less  to  cause  jaundice. 

First  of  all,  a  number  of  observations  cast  doubt  on  the 
accuracy  of  Kiihne's  statement  that  excess  of  free  haemoglobin 
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in  the  blood  is  sufficient  of  itself  to  cause  bile  pigments  to 
appear  in  the  urine. 

Results  in  support  of  such  a  view  have  only  been  obtained  in 
one  class  of  animals  (dogs),  and  even  in  them  not  constantly, 
whereas  in  rabbits  the  balance  of  experimental  evidence  from 
all  sides  is,  I  consider,  decidedly  against  the  view  that  ha^mo- 
globinaimia  per  se  is  sufficient  to  cause  jaundice. 

Dogs. — As  regards  dogs,  the  significance  to  be  attached  to 
bile  pigments  in  the  urine  is  a  little  complicated  by  the  circum- 
stance, noted  by  many  authors,  which  I  can  fully  confirm,  that  it 
is  not  uncommon  to  find  a  trace  of  bile  pigments  in  the  urine  of 
apparently  healthy  dogs.  Unless  this  source  of  fallacy  be  kept 
in  mind,  and  care  be  taken  by  suitable  precautions  to  avoid  it, 
erroneous  conclusions  may  be  drawn.  In  my  experience,  this 
is  specially  likely  to  be  the  case  in  old  dogs.  To  avoid  this 
source  of  fallacy  it  is,  I  think,  necessary  to  employ  only  young 
healthy  dogs,  whose  intestinal  canal  has  been  well  cleared  out 
by  castor  oil  or  calomel  ;  the  animals  being  kept  on  a  milk  and 
bread  diet  for  some  days  previous  to  experiment.  This  tendency 
to  the  occurrence  of  a  slight  degree  of  icterus  in  dogs  is  con- 
nected, in  my  opinion,  with  their  habit  of  eating  garbage  and 
refuse  of  various  kinds.  It  is  not  uncommon  to  find  in  such 
animals  some  degree  of  catarrh  of  the  mucous  membrane  of  the 
small  intestine. 

The  experiments  of  Naunyn  ^  conclusively  shew  that  if  care 
be  taken  to  avoid  the  above  source  of  fallacy,  haemoglobinaimia, 
even  in  dogs,  does  not  necessarily  cause  bile  pigments  to  appear 
in  the  urine.  In  only  two  out  of  six  cases  in  which  he  caused 
haemoglobinuria  by  injecting  haemoglobin  subcutaneously  did 
the  urine  give  any  reaction  to  Gmelin's  test  for  bile  pigments  ; 
and  in  both  of  these  cases  the  urine  had  given  a  slight  reaction 
before  the  experiment.  In  the  other  four  cases  he  failed  to  find 
any  bile  pigment  in  the  urine,  although  there  was  marked 
haemoglobinuria  (and  necessarily  haemoglobinaemia). 

And  although  Stadelmann  usually  found  a  trace  of  bile 
pigment  in  the  urine  after  injection  of  large  quantities  of  haemo- 
globin, there  are,  as  it  appears  to  me,  certain  features  in  his 
results  which  indicate  that  the  presence  of  bile  pigment  was  to 
be  referred  to  other  factors  than  the  simple  haemoglobinaemia. 

1  "Beitrage  ziir  Lehie  vom  Icterus,"  Anh.f.  Anat.  ti.  Physiol.,  1868,  p.  401. 
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Thus  the  quantity  was  at  most  a  trace,  and  in  no  way  pro- 
portionate either  to  the  amount  of  haemoglobin  set  free  or  to 
the  resulting  increase  of  bile  pigments.  This  is  not  what  one 
would  naturally  expect,  if  the  presence  of  bile  pigment  in  the 
urine  be  directly  related  to  the  hasmoglobinaimia,  as  Kiihne 
supposed,  or  to  the  resulting  increased  formation  of  bile  pig- 
ments (polychromia),  as  Stadelmann  considers, 

Stadehnann's  Experiments. 

I  have  summarized  the  results  of  his  experiments^  in  the 
following  tables.  It  will  be  seen  from  them  that  the  one  con- 
dition to  which  the  jaundice  is  constantly  related  is  the  degree 
of  viscidity  of  the  bile,  not  the  degree  of  polychromia  or  ha^mo- 
globin^emia. 

Thus  in  one  experiment  {a)  of  the  latter,  where  there 
was  an  increase  of  80  per  cent,  in  the  bilirubin  secreted, 
with  hasmoglobinuria,  only  a  trace  of  bile  pigment  was 
found  in  the  urine ;  while  in  another  (Exp.  3),  where  the 
increase  in  bilirubin  was  less  than  50  per  cent,  without 
hsemoglobinuria,  there  was  a  considerable  quantity  of  bile 
pigment  in  the  urine. 

Exp.  (a).  — Dog  ;  20  grammes  of  hgemoglobin  injected  in  six 
portions  between  10  a.m.  and  8  p.i\r. 

First  period  of  12  hours — 

Bilirubin  increased  by  80  per  cent. 

Haemoglobin,  but  no  bile  pigment  in  urine. 
Second  period  of  12  hours — 

Bile  very  dark.    Viscid,  diminished  in  quantity. 

No  haemoglobinuria,  but  a  trace  of  bile  pigment  in  urine. 
Third  period — 

Bile  increased  in  quantity. 

No  trace  of  bile  pigment  in  urine. 

Bile  acids  considerably  diminished  at  the  very  time  the  bilirubin 
most  increased. 

Exp.  I. — io"o2  grammes  hciemoglobin  injected  subcutaneously. 

First  period  of  24  hours — 

Bilirubin  increased  by  56  per  cent. 

^  0/>.  cit.,  p.  23  et  seq. 
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Bile  reduced  to  one-third  normal  quantity,  dark,  viscid. 
No  bile  pigment  in  urine. 

Second  period — 

Bile  very  dark  and  thick. 
Trace  of  bile  pigment  in  urine. 

Third  period — 

Bile  normal  in  consistence. 
No  trace  of  bile  pigments  in  urine. 
Bile  acids. — First  12  hours.  Unaffected. 

Second     ,,        Diminished  by  36-8  per  cent. 
Third       „  „         „  44'5  » 

Exp.  2. — 10-82  grammes  haemoglobin  subcutaneously  injected. 

First  period  of  1 2  hours — 

Bilirubin  increased  by  11  "96  per  cent. 
Urine  normal. 

Second  period — 

Bilirubin  increased  by  61  per  cent. 

Bile  thick. 

Urine  normal. 
Third  period — 

Bilirubin  increased  by  35  "8  per  cent. 

Bile  of  normal  consistence. 

Urine  normal. 

Quantity  of  bile  fairly  normal  throughout. 
Bile  acids  shewed  no  change. 

Exp.  3. — 13'94  grammes  haemoglobin  injected  into  peritoneum. 

First  period  of  12  hours — 

Bilirubin  increased  by  12  "3  per  cent. 

Bile  very  thick  ;  quantity  diminished. 

No  bile  pigments  in  urine. 
Second  period — 

Bilirubin  increased  49*5  per  cent. 

Bile  thick  ;  quantity  diminished, 

Considerable  quantity  of  bile  pigment  in  urine, 
Third  period — 

Bilirubin  increased  by  12 '4  per  cent. 

Bile  normal  in  quantity  and  consistence, 
Bile  acids.    First  and  second  periods — 

Diminished  by  about  17  per  cent. 

Third  period — slightly  increased, 
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The  relation,  then,  between  hcBinoglobincBviia  {with  polychroiuid), 
and  jaundice  is  no  n/ere  quantitative  one,  even  in  dogs. 

This  i.s  true  of  hc'emoglobin.nemia  produced  by  injection  of 
distilled  water.  It  also  holds  true  for  hsemoglobinnemia  induced 
by  poisons. 

Thus  in  one  of  the  foregoing  experiments  of  Stadelmann 
(Exp.  6),  there  was  hitmoglobinuria  after  injection  of  0'3  gramme 
toluylendiamin  without  any  jaundice  supervening ;  and  nine 
days  later,  after  a  similar  dose,  there  was  jaundice  without,  how- 
ever, any  h^emoglobinuria. 

Rabbits. — While,  then,  as  regards  dogs,  the  evidence  either 
way  is  inconclusive, — hsemoglobincemia  sometimes  causing  jaun- 
dice, sometimes  not, — in  rabbits  there  is  no  such  uncertainty. 
The  great  preponderance  of  evidence  is,  I  consider,  decidedly 
against  the  view  that  haemoglobinjEmia  pei'  se  suffices  to  cause 
jaundice  even  in  the  slight  degree  necessary  to  cause  bile  pig- 
ments to  appear  in  the  urine. 

Naunyn  always  failed  to  find  bile  pigments  in  the  urine  of 
rabbits  after  causing  hrxmoglobinuria. 

Since  then  the  list  of  those  who  have  similarly  failed  includes 
the  names  of :  Wickham  Legg,^  after  the  injection  of  bile  acids  ; 
Lauder  Brunton,"  after  the  injection  of  bile  acids  into  the 
circulation,  or  of  ether  or  dissolved  blood  corpuscles  into  the 
intestine  ;  L.  Steiner,^  after  the  injection  of  water  into  the  cir- 
culation of  rabbits. 

On  this  latter  point  my  observations  are  in  entire  agreement 
with  those  of  Naunyn  and  Steiner.  Both  after  a  slight  and 
marked  degree  of  h^emoglobinc-emia  I  failed  to  find  bile  pigments 
in  the  urine.  (See  Experiments  44  and  48  (Chap,  xv.),  in  which 
intense  hremoglobinuria  was  produced  by  injection  of  distilled 
water,  yet  no  bile  pigments  appeared  in  the  urine.) 

In  some  cases  the  results  have  varied  in  the  hands  of  the 
same  observer.  Thus  Graham  Brown,'*  after  subcutaneous  injec- 
tion of  bile  acids  in  rabbits,  failed  in  most  cases  to  find  bile 
pigments  in  the  urine,  while  in  a  few  cases  he  succeeded. 

^  Bile,  Jaundice,  and  Bilious  Diseases,  1880,  p.  235. 

Handbook  for  Physiological  Laboratory,  1873,  p.  499. 
-  "  Ueber  die  hsematog.  Bildung  des  Gallenfarbsloffes,"  Arch.  f.  Anat.  it, 
Physiol.,  1873. 

•»  Proc.  Roy.  Soc.  Edin.,  1875,  p.  528. 
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Naunyn,  who  failed  to  discover  bile  pigments  in  the  urine 
when  he  injected  h?emoglobin  into  the  circulation,  found  it  after 
injecting  thawed  blood  into  the  intestine  ^ ;  an  observation  which 
Lauder  Brunton failed  to  confirm. 

These  varying  results  may  perhaps  be  partly  explained,  either 
on  the  ground  that  the  animals  used  were  not  in  all  cases  the 
same,  or  that  the  conditions  of  the  experiments  were  not  in  all 
cases  alike — different  agents  being  used  to  produce  hsemoglobin- 
uria,  and  different  methods  of  administration  employed.  Hitherto, 
on  the  view  that  the  positive  result  was  the  common  and  natural 
one,  the  chief  endeavour  on  the  part  of  observers  has  been  to 
explain  the  negative  results.  But  as  I  have  shewn,  even  in  dogs 
the  result  is  not  always  positive  ;  and  when  it  is,  it  is  not  directly 
related  to  the  quantity  of  haemoglobin  set  free,  or  to  the  resulting 
formation  of  bile  pigment.  In  rabbits,  further,  a  positive  result 
is  decidedly  the  exception.  The  position  of  matters  is  thus,  I 
consider,  reversed.  So  long  as  it  was  held  that  free  haemoglobin 
could  become  transformed  into  bile  pigment  within  the  blood,  it 
was  natural  to  expect  that  hjemoglobinaimia  should  cause  bile 
pigments  to  appear  in  the  urine  ;  and  no  less  natural,  therefore, 
to  regard  as  exceptional  all  cases  where  this  did  not  occur.  Now, 
however,  that  it  has  been  shewn  by  preponderance  of  evidence 
that  the  jaundice  of  blood  disorder  is  not  haematogenous,  but 
hepatogenous  (Stadelmann),  the  position  of  matters  is,  as  I  have 
said,  reversed.  If  under  the  old  (h^ematogenous)  view  the  diffi- 
culty was  to  explain  why  haemoglobinaemia  should  not  always 
occasion  some  degree  of  jaundice,  with  our  present  knowledge  the 
difficulty  appears  to  me  of  another  nature — to  explain,  namely, 
in  what  way  haemoglobinaemia,  with  its  resulting  polychromia, 
should  cause  increased  viscidity  of  the  bile  and  temporary  arrest 
of  its  flow. 


Conclusion. 

For  the  reasons  I  have  adduced,  then,  I  consider  that  mere 
excess  of  haemoglobin  in  the  blood,  or  increase  of  bile  pigments, 
however  great,  is  not  the  sole  factor  determining  the  increased 
viscidity  in  the  bile,  which  occasions  the  jaundice  of  increased 
haemolysis. 
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Jaundice  may  be  of  the  most  intense  character,  with  only  a 
comparatively  slight  polychromia  (one-half  increase  in  toluylen- 
diamin  poisoning) ;  or  it  may  be  slight  or  absent,  with  a  threefold 
or  fourfold  increase  (arsenious  acid  poisoning).  Further,  in  one 
class  of  animals  (dogs)  we  may  have  jaundice  without  haemo- 
globinuria  (toluylendiamin)  ;  in  another  (cats),  we  may  have 
haemoglobinuria  without  jaundice  (toluylendiamin)  ;  while  in  a 
third  (rabbits)  we  may  have  haemolysis  without  haemoglobinuria 
or  jaundice.  And  yet  in  all  three  classes  it  occasions  a  destruc- 
tion of  blood.  Moreover,  even  in  the  same  animal  its  action 
sometimes  varies.  Thus  in  the  dog  it  may  occasionally  cause 
haemoglobinuria  without  jaundice  (Stadelmann). 

2.  Nature  of  the  Hsemoeytolysis. 

That  jaundice,  however,  frequently  occurs  in  conditions 
attended  by  increased  destruction  of  blood  is  a  fact  about 
which  there  can  be  no  dispute.  The  relation  between  the  two 
conditions  must  thus  be  a  qualitative  one,  since  as  just  seen 
it  is  not  a  quantitative  one. 

Other  explanations  of  these  differences  have  been  put 
forward.  According  to  Afanassiew,^  the  occurrence  of  jaundice 
alone,  or  hciemoglobinuria  alone,  or  both  together,  depends  not 
merely  on  the  extent,  but  also  on  the  nature  of  the  preceding 
blood  destruction. 

He  distinguishes  three  kinds  of  action  of  heemolytic 
substances  on  the  blood.  The  first  is  represented  by  the 
action  of  glycerine,  which  dissolves  the  haemoglobin  out  of 
the  corpuscles,  leaving  hardly  any  morphological  remains 
of  the  latter  within  the  blood.  The  free  haemoglobin  escapes 
mostly  through  the  kidneys,  only  a  small  portion  being  dealt 
with  elsewhere  (liver,  spleen,  or  bone  marrow). 

The  second  kind  of  action  is  represented  by  that  of 
toluylendiamin.  This  acts  quite  differently.  It  breaks 
the  red  corpuscles  into  pieces.  These  circulate  in  the  blood, 
and  accumulate  in  the  liver,  spleen,  and  bone  marrow, 
where  they  are  disposed  of,  only  a  part  escaping  through 
the  kidney.    When  the   dose  is   small,  no  haemoglobin 

^  "  Ueber  die  pathologischen  anatomischen  Veranderungen  in  den  Nieren  und  in 
der  Leber  bei  einigen  mit  Haemoglobinurie  oder  Icteras  verbundenen  Vergiftungen," 
Virchovj's  Archiv,  1884,  bd.  xcviii.  s.  465. 


RELATION  OF  BLOOD  DESTRUCTION  TO  JAUNDICE.  443 


passes  into  the  plasma.  Hence,  in  slight  cases,  jaundice 
alone  occurs,  produced  by  the  increased  excretion  of  bile  ; 
there  is  no  h^emoglobinuria. 

When  the  dose  is  larger,  the  remains  of  the  red  cor- 
puscles are  not  sufficiently  rapidly  disposed  of;  they 
circulate  in  the  blood,  some  of  their  haemoglobin  escapes 
into  the  plasma,  and  not  only  jaundice,  but  also  haemo- 
globinuria,  occurs. 

The  third  kind  of  action  is  represented  by  that  of 
pyrogallic  acid.  It  is  intermediate  in  character  betwixt 
the  two  preceding.  It  liberates  haemoglobin  from  the  cor- 
puscles, and  causes  haemoglobinuria ;  but  morphological 
remains  {scJiatien,  etc.)  also  soon  appear,  and  there  is 
usually  slight  icterus. 
This  explanation  of  the  differences  in  the  action  of  different 
substances  on  the  blood  is  adopted  by  Silbermann.^ 

Stadelmann-  hesitates  to  accept  it,  but  cannot  altogether 
reject  it.  It  may  be  sufficient,  he  thinks,  to  account  for  the 
jaundice,  but  it  is  quite  insufficient,  in  his  opinion,  to  explain  the 
degree  of  jaundice.  He  considers  that  the  blood  corpuscles 
of  different  species  of  animals  have  a  different  resisting  power 
towards  different  poisons  ;  but  any  essential  difference  in  the 
nature  of  the  action  of  different  poisons  on  the  blood  he  could 
not  discover.  Individual  differences  there  undoubtedly  are. 
Thus  in  dogs,  arseniuretted  hydrogen  causes  intense  haemo- 
globinuria and  well-marked  changes  in  the  blood  (altered  cor- 
puscles, schatten,  etc.),  while  with  toluylendiamin  signs  of  blood 
destruction  are  infrequent.  But  this  is  not  constant.  Every 
now  and  again  a  case  is  met  with  in  which  the  latter  drug  causes 
intense  haemoglobinuria  without  jaundice,  although  the  morpho- 
logical changes  in  the  blood  are  the  same  as  those  which  usually 
attend  its  action  when  it  causes  jaundice. 


A  uthors  Obsej'vations. 

My  observations  on  this  point  relate  to  the  action  of  distilled 
water,  glycerine,  pyrogallic  acid,  and  toluylendiamin, — more 
particularly  to  the  last. 

^  "  Ueber  Hsemoglobinsemie,"  Ztschr.  f.  klin.  Med.,  Berlin,  1886,  bd.  xi.  s.  471. 
2  Op.  cit.,  s.  237. 
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With  regard,  first  of  all,  to  the  modes  of  action  of  the  above 
agents  on  the  blood,  my  observations  confirm  in  the  main  those 
of  Afanassiew  regarding  the  differences  in  the  blood  changes  in 
the  case  of  individual  drugs. 

/  do  not  find,  however,  that  these  differences  are  sufficient, 
either  in  degree  or  in  kitid,  to  account  for  the  veiy  different  action 
of  the  agents  qua  the  production  of  jaundice. 

As  regards  ^/^/rmVz^,  this  agent  is,  in  my  opinion,  unsuitable 
for  comparison  experiments  with  such  agents  as  pyrogallic 
acid  or  toluylendiamin.  When  injected  subcutaneously,  as  in 
Afanassiew's  experiments,  it  produces  intense  inflammatory 
oedema ;  and  much  of  the  haemoglobinasmia  is  due  to  its  action 
on  the  red  corpuscles  at  the  seat  of  injection.  The  oedematous 
fluid  is  haemoglobin-tinted. 

A  much  more  suitable  agent  of  this  class,  I  consider,  is 
distilled  water  injected  directly  into  the  circulation.  It  like- 
wise dissolves  the  haemoglobin  from  the  corpuscles,  leaving 
apparently  few  morphological  remains  in  the  blood.  At  least 
this  is  the  case  judged  by  the  appearances  presented  in  the 
circulating  blood  during  life. 

Few  or  no  changes  are  presented  in  the  circulating  blood  even 
after  the  injection  of  large  quantities  of  distilled  water  (70  c.c. 
Exp.  48),  notwithstanding  that  a  great  destruction  of  blood  may 
have  taken  place.  Thus,  in  Exp.  47,  the  haemoglobin  was  reduced 
in  amount  by  one-seventh  in  the  course  of  twenty-four  hours. 

In  Exp.  48  there  was  intense  hasmoglobinuria.  If,  however, 
the  animal  be  killed  within  a  few  hours  of  the  injection, 
numerous  stromata  are  found,  especially  in  the  capillaries  of 
the  liver  (Exps.  47,  48,  p.  172,  173). 

After  pyrogallic  acid,  large  numbers  of  schatten  are  to  be  found 
in  the  blood  if  the  dose  be  large  (Exp.  58,  p.  180).  At  no  time, 
however,  are  the  number  of  schatten  in  the  circulating  blood  at 
all  proportional  to  the  diminution  of  red  corpuscles.  Moreover, 
with  small  doses,  a  large  destruction  may,  I  find,  take  place 
without  any  schatten  formation  at  all,  and  with  as  little  evidence 
of  change  in  the  blood  as  is  found  after  injection  of  distilled 
water. 

After  toluylendiamin  poisoning  there  is  less  tendency  to  the 
formation  of  scJiatten,  at  least  in  dogs  and  rabbits.  The  red 
corpuscles  seem  rather  to  break  up  into  yellow  spherical  particles 
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—these  may  be  seen  in  process  of  being  thrown  off  as  bud-Hke 
projections  from  the  red  corpuscles. 

This  process  goes  on  especially  in  the  spleen,  according  to 
my  observations.  So  much  so,  indeed,  that,  as  I  have  already 
shevvn,^  the  removal  of  the  spleen  in  rabbits  diminishes  materially 
the  destructive  action  of  toluylendiamin. 

In  cats,  however,  I  find  schatten  formation  as  marked  a 
feature  of  toluylendiamin  poisoning  as  it  is  of  pyrogalHc  acid 
poisoning.  Conversely,  with  pyrogallic  acid,  I  have  found  in 
some  cases,  along  with  formation  of  schatten,  the  red  corpuscles 
throwing  off  buds  in  precisely  the  same  way  as  is  usually  found 
after  toluylendiamin. 

Certain  differences  are  thus  observable  in  the  mode  of  action 
of  destructive  agents  on  the  blood  corpuscles.  But  they  are  ttot 
sufficiently  distinctive  either  as  regards  their  character  or  degree  to 
explain  the  remarkably  different  action  of  these  drugs  in  the 
production  ofjaicndice.  They  are  of  some  importance  as  serving 
to  explain  the  occurrence  or  non-occurrence  of  ha;moglobinuria. 
But  they  serve  in  no  way  to  explain  the  point  at  issue,  namely, 
why  in  one  case  jaundice  should  occur  where  there  is  not 
even  any  haemoglobinaemia,  and  is  absent  when  the  latter  is 
pronounced. 

3.  Charactep  of  the  Haemog'lobin. 

The  character  of  the  blood  changes  not  being  sufficiently 
distinctive  to  account  for  the  presence  or  absence  of  jaundice, 
we  have  to  look  elsewhere. 

Another  view  suggests  itself,  namely,  that  the  occurrence  of 
jaundice  may  be  influenced  by  the  character  of  the  hcemoglobin. 

Or,  as  Lauder  Brunton  has  suggested,  the  differences  observ- 
able in  different  animals  may  indicate  differences  in  the  rela- 
tion of  hcemoglobin  to  the  liver  cells  in  different  classes  of 
animals.^ 

That  individual  differences  exist  in  the  character  of  the 
haemoglobin  of,  e.g.,  the  dog,  the  cat,  and  the  rabbit  respectively, 
is,  I  think,  exceedingly  probable.  The  haemoglobin  of  one  has  a 
poisonous  action  when  injected  into  the  other.  But  that  these 
of  themselves  are  sufficient  to  account  for  the  differences  as 

'  Lancet,  1892,  ii.    See  also  p.  394. 
Murchison's  Diseases  of  the  Liver,  3rd  edition,  ed.  by  T.  Lauder  Brunton. 
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regards  liability  to  jaundice  in  these  animals  is,  1  think,  extremely 
improbable.  Much  more  depends,  in  all  probability,  on  the 
natural  degree  of  concentration  of  the  bile  in  these  different 
animals.  In  the  rabbit,  e.g.,  the  bile  is  normally  much  more 
watery  than  in  the  dog,  and  its  quantity  is  much  greater.  A 
factor,  therefore,  which  in  a  dog  may  occasion  such  a  degree  of 
concentration  of  the  bile  as  to  lead  to  a  temporary  arrest  in  its 
flow,  and  to  jaundice,  may  quite  well  be  without  any  influence 
in  the  rabbit. 

As  a  matter  of  observation,  I  have  never  noticed  in  rabbits 
any  condition  which  could  rightly  be  termed  jaundice  produced 
by  action  of  destructive  agents  on  the  blood.  Hence,  as  regards 
jaundice,  comparisons  between  rabbits  and  dogs  are  inapt.  The 
latter  are  as  naturally  subject  to  some  degree  of  jaundice  as  the 
former  are  naturally  immune  ;  and  this  I  consider  arises  not  so 
much  from  any  difference  in  the  character  of  the  haemoglobin  in 
the  two  cases,  or  in  its  relatioti  to  the  liver  cells,  as  from  natural 
differences  connected  with  the  degree  of  concentration  of  bile 
in  the  two  animals. 

A  third  alternative  suggests  itself,  namely,  that  the  occur- 
rence or  non-occurrence  of  jaundice  after  an  increased  blood 
destruction  may  be  dependent  on  the  form  in  which  the  haemo- 
globin is  supplied  to  the  liver.  Thus,  after  the  action  of  distilled 
water  the  hremoglobin  is  liberated  from  the  stroma  of  the 
corpuscle,  and  passes  freely  into  the  urine.  After  toluylen- 
diamin  the  red  corpuscles  break  up  into  yellow  globules  in  a 
manner  almost  identical  with  their  behaviour  under  the  influence 
of  high  temperatures,  as  described  by  Max  Schultze. 

That  the  haemoglobin  is  supplied  to  the  liver  cells  in  different 
forms  in  these  two  cases  is,  I  consider,  certain  from  other  evidence. 
It  is  the  latter  form  of  haemoglobin  that,  according  to  my  obser- 
vation, most  of  all  favours  the  formation  of  blood  pigment  both 
in  liver  cells  and  in  spleen ;  and  this,  too,  in  different  classes  of 
animals  alike — dog,  rabbit,  and  pigeon  ;  while,  according  to  my 
observations,  free  haemoglobin,  such  as  is  liberated  by  distilled 
water,  does  not  lead  to  the  formation  of  blood  pigment,  either 
within  liver  cells  or  spleen  {vide  Exps.  Chap.  xv.). 

Under  the  action  of  toluylendiamin,  the  haemoglobin  does 
not,  I  conclude,  become  dissociated  from  the  albuminous  stroma 
of  the  corpuscle,  as  is  the  case  with  distilled  water.    It  is  found 
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in  the  form  of  yellow  droplets  or  spheres  within  the  blood,  and 
within  the  spleen.  In  this  form,  also,  it  passes  through  the 
kidneys  ;  not,  however,  as  free  haemoglobin— for,  notwithstanding 
the  presence  of  much  of  this  material  in  the  urine,  the  urine 
gives  none  of  the  reactions  of  free  haemoglobin.  There  is  no 
hremoglobinuria  in  the  ordinary  sense  of  the  term. 

It  is  also  in  this  form  that  the  haemoglobin  reaches  and 
passes  into  the  liver  cells. 

It  is,  I  think,  important  to  note  these  physical  peculiarities 
in  the  action  of  toluylendiamin  on  the  blood  corpuscles,  and 
especially  on  the  haemoglobin  of  the  blood.  For  although  their 
bearing  on  the  pathogeny  of  the  jaundice  caused  by  this  drug 
may  not  be  clear,  they  may  nevertheless  have  some  significance 
as  denoting  changes  of  a  more  obscure  chemical  nature  in  the 
character  of  the  haemoglobin  supplied  to  the  liver  in  such  cases. 
This  at  least,  in  my  opinion,  is  the  only  possible  direction  in 
which  the  occurrence  of  jaundice  may  be  affected  by  the 
character  or  form  of  the  haemoglobin  supplied  to  the  liver.  But 
while  admitting  this,  I  do  not  consider  it  at  all  likely  that  such  is 
the  case.  Nor  do  I  consider  that  change  in  the  character  of  the 
haemoglobin  is  sufficient  to  account  for  the  changes  in  the  bile 
w4iich  occasion  the  jaundice  of  toluylendiamin  poisoning. 

For  the  action  of  this  poison  on  the  blood  is,  according  to  my 
observations,  identical  in  dogs  and  rabbits.  Moreover,  what  is 
of  more  importance  is — that  in  the  rare  cases  in  dogs  in  which 
this  drug  causes  haemoglobinuria  without  jaundice,  the  changes 
in  the  blood  are  of  the  same  character,  differing  only  in  degree, 
as  those  found  when  jaundice  occurs  without  haemoglobinuria 
(Stadelmann). 

I  consider,  then,  that  some  other  factor  than  mere  quantity 
or  character  of  the  haemoglobin  must  be  responsible  for  the 
increased  viscidity  of  bile  produced  by  the  drug. 

Conclusion. 

The  observations  already  considered  shew  that  the  chief 
factor  in  determining  the  occurrence  or  non-occurrence  of  jaundice 
is  the  influence  of  the  poison  itself — exerted  not  on  the  liver 
cells,  as  suggested  by  Stadelmann,  nor  on  the  blood,  as  supposed 
by  Afanassiew,  but  in  the  course  of  its  excretion  on  the  biliary 
channels. 
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So  far  as  toluylendiamin  itself  is  concerned,  the  jaundice  is 
caused  by  its  excretion  and  irritant  action  (either  of  itself  or  of 
its  products),  on  the  bile  passages,  with  consequent  increased 
viscidity  of  the  bile.  In  this  way  I  explain  the  differences 
in  the  behaviour  of  various  blood-destroying  agents,  qua  the 
production  of  jaundice. 

As  has  been  seen,  ha^moglobinaimia  (however  intense)  or  mere 
increase  of  bile  pigments  (polychromia)  cannot  account  for  the 
increased  viscidity  of  bile  which  occasions  the  jaundice.  The 
latter  may  be  intense  with  only  a  half  increase  in  the  bile 
pigments  (toluylendiamin);  or  only  slight,  possibly  absent,  with 
a  threefold  or  fourfold  increase  (arsenious  acid) ;  or  may  be 
absent  altogether  with  the  intense  ha^moglobinaimia  occasioned 
by  distilled  water. 

It  has  also  been  seen  that  change  in  the  character  of  the 
haemoglobin,  although  a  possible  factor,  is  not  sufficient  of  itself 
to  bring  about  the  essential  changes  in  the  bile  necessary  for 
the  production  of  obstruction,  namely,  the  increase  of  viscidity. 

TJie  only  remaining  factor,  then,  is  the  action  of  the  poison  that 
occasions  the  blood  changes.  According  to  the  degree  zuith  which 
this  is  capable  of  exciting  catarrh  of  the  bile  ducts,  in  course  of  its 
excretion,  is  there  liability  for  the  blood-destruction  to  be  attended 
by  jaundice. 

"  Toxsemie  "  Jaundice. 

The  jaundice  so  produced  is  hepatogenous,  inasmuch  as  it  is 
due  to  obstruction  occasioned  by  this  increased  viscidity  of  the 
bile.  It  mdiy  2\so  he  term&d hcen  10 -hepatogenous, "  d^s,  suggested 
by  Afanassiew,  inasmuch  as  it  is  preceded  by  changes  in  the 
blood.  The  term  "  h^ematogenous  "  has,  however,  been  used  in 
connexion  with  jaundice  in  so  special  a  sense, — implying  that 
the  bile  pigment  itself  is  formed  in  the  blood — that  its  use  in 
any  other  sense  is  apt  to  mislead.  And  hence  the  above  term, 
although  not  inappropriate,  is,  in  my  view,  open  to  objection  on 
that  ground. 

To  avoid  this  difficulty,  Quincke  has  proposed  the  name 
an-hepatogenous,  thereby  denoting  that  while  the  jaundice  is 
essentially  hepatogenous,  it  is  nevertheless  closely  related  to, 
and  dependent  upon,  other  changes  elsewhere  (in  the  blood). 
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Stadelmann,  as  we  have  seen,  regards  as  the  essential  and 
most  constant  change  the  increase  of  bile  pigments;  and  the 
jaundice  which  results  might,  in  his  opinion,  be  most  fitly  termed 
poly  chromic,  or  jaundice  from  polycJiromia!'  ^ 

I  have  endeavoured  to  shew  in  the  foregoing  that  this  name 
is  inappropriate,  inasmuch  as  increase  of  bile  pigments  cannot 
be  regarded  as  the  essential  change  in  the  bile,  or  the  chief 
factor  in  causing  the  obstruction. 

So  far  as  the  bile  pigments  are  concerned,  identical  changes, 
differing  only  in  degree,  are  produced  by  agents  so  widely  differ- 
ing in  their  action  qua  jaundice,  as  normal  saline  (o'8  and  0"6 
per  cent.)  solutions,  salicylate  of  soda,  distilled  water,  arseni- 
uretted  hydrogen,  pyrogallic  acid,  phosphorus,  and  toluylen- 
diamin.  Thus  normal  saline  solution  (08  per  cent.)  may,  as 
shown  by  Stadelmann,  cause  an  increase  of  one-third  in  the  bile 
pigments  (bile  acids  being  diminished  to  one-fifth  or  one-seventh) 
changes,  therefore,  hardly  less  striking  than  the  increase  of  one- 
half  in  the  bile  pigments  (with  bile  acids  reduced  at  first  tc 
one-half  then  to  mere  traces),  which  occurs  in  toluylendiamin 
poisoning ;  or  the  increase  of  one-half  in  the  first  10  hours  in 
phosphorus  poisoning  (with  diminution  in  bile  acids);  or,  lastly, 
the  three-and-one-half-fold  increase  with  arseniuretted  hydrogen 

Clearly,  then,  a  condition  (polychromia)  which  is  not  pro- 
portionate to  the  degree  of  obstruction  cannot  be  regarded  as  the 
essentiate  condition  occasioning  the  obstruction.  And  that  this 
is  the  case  Stadelmann  himself  freely  admits.  While  maintain- 
ing that  the  term  polychromia  best  describes  the  jaundice,  he 
admits  that  other  factors  must  operate  to  bring  about  the 
change  in  the  character  of  the  bile  itself  on  which  the  obstruc- 
tion depends ;  and  these  factors  are,  in  his  view,  to  be  sought 
for  in  a  direct  action  of  the  several  poisons  on  the  liver  cells^ 
leading  to  a  production  of  a  highly  concentrated  bile. 

It  may,  perhaps,  seem  a  matter  of  comparatively  little 
moment  what  name  should  be  given  to  this  form  of  jaundice.  I 
cannot,  however,  so  regard  it.  The  terms  "  haematogenous  "  and 
"  non-obstructive,"  formerly  and  still  in  many  cases  applied 
to  it,  are  no   longer  applicable,   inasmuch   as  the  jaundice 

^  Dp.  cit.,  p.  247. 
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is  not  hjematogenous,  but  essentially  hepatogenous  and  ob- 
structive. 

The  term  hepatogenous,  therefore,  fully  describes  its  character 
anatomically.  It  is  due  to  obstruction  and  to  re-absorption  of 
bile  pigments,  just  as  ordinary  obstructive  jaundice  is.  But  it 
differs  totally  from  the  latter  in  its  pathogeny  ;  and  some  title  is 
wanted  to  designate  its  relationship  with  the  disorder  of  the 
blood  with  which  it  is  ordinarily  associated. 

So  far  as  toluylendiamin  is  concerned,  the  obstruction,  as  I 
have  shewn,  is  essentially  of  catarrhal  origin  ;  and  the  term 
'■^  catarrhal  jaundice"  might,  in  my  opinion,  quite  fitly  and 
appropriately  be  given  to  it — but  for  one  circumstance,  namely, 
that  this  designation  has  come  to  be  applied  to,  and  reserved 
for,  a  form  of  jaundice  of  essentially  different  origin.  Ordinary 
"  catarrhal  jaundice  "  is,  by  a  general  consensus  of  opinion,  sup- 
posed to  arise  from  catarrh  of  the  duodenum,  spreading  up 
into  the  bile  duct  secondarily.  In  no  other  sense,  for  example, 
is  it  spoken  of  by  Murchison. 

In  the  present  case  the  course  of  the  catarrh  is,  I  have 
shown,  a  different  one.  It  begins  in  the  intrahepatic  bile  ducts, 
and  extends  downwards.  If  the  duodenum  is  at  all  involved 
(and  it  is  only  in  severe  cases  that  it  does  become  involved),  it 
is  only  secondarily  to  the  catarrh  in  the  bile  ducts. 

It  may  perhaps  be  a  question  how  far  common  catarrhal 
jaundice  does  arise  in  the  way  described,  namely,  secondarily 
to  duodenal  catarrh — to  what  extent  it  may  not  rather  arise 
primarily  in  the  bile  ducts.  In  my  opinion  it  is  a  very  open 
question  indeed.  The  latter  I  am  disposed  to  regard  as  in  all 
probability  the  common  mode  of  origin  of  catarrh  of  the  bile 
ducts.    I  designate  it  "  excretory  catarrh." 

But  such  a  view  is  at  variance  with  that  commonly  accepted, 
which  regards  catarrhal  jaundice  as  arising  secondarily  to  catarrh 
of  the  duodenum  ;  and  under  these  circumstances  I  do  not  con- 
sider that  to  apply  the  term  "catarrhal"  in  a  sense  entirely 
different  would  be  fitting. 

Moreover,  the  term  catarrhal,  however  appropriate,  would 
not  indicate  the  special  feature  of  this  variety  of  jaundice, 
namely,  its  relation  to  previous  disorder  of  the  blood. 

That  disorder,  in  the  great  majority  of  cases,  is  marked 
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anatomically  by  increased  destruction  of  blood  (hjemolysis) ; 
and  the  term  therefore  which,  in  my  opinion,  would  very 
fitly   describe   its   character,   would    be   that  of  hcemolytic 
jaundiced 

And  yet  even  this  term  is  not  altogether  free  from 
objection. 

It  is  true  that  in  most  cases  increased  haemolysis  accompanies 
and  precedes  the  form  of  jaundice  now  under  consideration, 
whether  induced  experimentally  by  destructive  agents,  such  as 
water,  ether,  pyrogallic  acid,  toluylendiamin,  etc.,  or  occurring 
clinically  in  paroxysmal  heemoglobinuria,  pernicious  anemia, 
malaria,  yellow  fever,  icterus  gravis,  etc. 

But,  as  I  have  shewn,  it  is  not  the  increased  haemolysis  "per 
se — with  its  haemoglobinsemia  or  the  associated  polychromia 
— that  can  be  held  accountable  for  the  jaundice;  but  rather  is 
it,  that  both  the  haemolysis  and  the  jaundice  have  a  common 
cause  underlying  them. 

The  factor  that  occasions  the  catarrh  on  which  the  jaundice 
depends  is,  in  my  opinion,  the  poison  ;  hen:e,  on  this  view,  the 
term  which  would  in  all  respects  most  aptly  describe  this  form 
of  jaundice  would,  in  my  opinion,  be  the  term  toxcBinic!' 

It  is  free  from  the  objection  to  which,  as  I  have  shewn,  the 
term  haemo-hepatogenous  is  open.  It  has  the  advantage  over  the 
term  haemolytic — which,  in  most  respects,  would  be  a  very  suit- 
able one — in  being,  I  consider,  more  generally  accurate,  and 
more  closely  indicative  of  the  toxic  nature  of  the  relationship 
between  the  jaundice  and  the  blood  disorder.  Lastly,  it  has  the 
advantage  of  being  not  only  appropriate  as  regards  the  path- 
ogeny of  the  jaundice,  but  also  as  regards  its  features  clinically, 
and  the  general  clinical  course  it  pursues.  It  is  in  toxic  con- 
ditions generally — in  pyaemia,  yellow  fever,  epidemic  jaundice, 
icterus  gravis,  etc. — that  this  variety  of  jaundice  is  generally 
met  with. 

Of  this  character  also  is,  I  consider,  the  sub-icteric  condition 
so  often  observed  in  the  disease — pernicious  anaemia. 

In  this  relation,  the  hyperaemia  and  swelling  of  the  mucous 
membrane  observed  in  one  case  by  Homolle  (see  p.  46)  is 
specially  interesting. 
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In  a  case  I  recently  saw,  the  duodenal  congestion  was  of  a 
very  marked  character. 

I  regard  it  as  similar  to  the  condition  of  duodenitis  produced 
in  my  experiments  by  toluylendiamin  ;  and  due  to  a  like 
cause — the  excretion,  namely,  of  irritant  products  through 
the  bile. 
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pages  an  enormous  amount  or  information.  ...  A  monument  of  clinical  obser- 
vation, of  extensive  reading,  aud  of  close  and  careful  reasoning." — Practitioner. 

"  A  very  well  written,  clear,  and  thorouohly  satisfactory  epitome  of  our  present 
knowledge  upon  the  subject  of  Gout." — Philadelphia  Therapeutic  Gazette, 
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By  A.  E.  GARROD,  M.D.,  F.R.C.P. 
A  TREATISE  ON 

Rheumatism 

AND 

Rheumatoid  Arthritis. 

BY 

ARCHIBALD  E.  GARROD, 

M.A.,  M.D.  Oxou.,  F.R.C.P.,  Assistaiit-Pliysician  to 
the  West  Loiulou  Hospital,  cSic. 

In  Large  8vo,  with  Charts  and  lllustm- 
tions.    Handsome  Cloth,  21s. 


The  author's  aim  is  to  give 
a  consistent  picture  of  Rheumatism 
as  a  systemic  disease  presenting  one 
definite  set  of  phenomena,  the  re- 
sult, it  is  believed,  of  one  single 
and  specific  morbid  process. 


of  the  Hand  of  a  Child  aged  KjV 


OPINIONS  OF  THE  PRESS. 

"  The  wide  subject  of  the  etiology  of  rheumatism  is  carefully  treated.  .  .  .  The 
discussion  of  etiology  is  completed  by  a  full  (malysis  of  the  conditions  which  determine 
individual  attacks.  .  .  .  Dr.  Garrod  is  to  be  congratulated  on  having  piit  before  the 
profession  SO  clear  and  coherent  an  account  of  the  rheumatic  diseases.  The  style  of  his 
work  is  eminently  readable." — Lancet. 

"  Well  written  and  reliable.  .  .  .  We  have  little  doubt  that  this  monograph  ivili  take 
rank  with  the  be.st  treatises  on  special  medical  subjects  in  the  English  langiiage." — Dublin 
Medical  Journal. 

"  An  EXCELLENT  ACCOUNT  of  the  clinical  features  of  the  diseases  in  qiiestion.  The  chapters 
on  treatment  are  thoroughly  practical." — Manchester  Medical  Chronicle. 
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CHARLES  GRIFFIN  d:  COMPANY'S 


In  Large  Zvo,  with  Illustrations  in  the  Text  and  13  Folding -Plates,  28s. 

THE    DIAGNOSIS  OF 

DISEASES  OF  THE  HEART 
AND  THORACIC  AORTA. 

BT 

A.   ERNEST  SANSOM,   M.D.,  F.RC.R, 

Physician  to  the  London  Hospital ;  Consulting  Physician,  North-Eastern  Hospital  for  Children ; 
Examiner  in  Medicine,  Royal  College  of  Physicians  (Conjoint  Board  for  England),  and 
University  of  Durham ;  Lecturer  on  Medical  Jurisprudence  and  Public  Health, 
London  Hospital  Medical  College,  (fee. 


(From  Chap,  ix.  — ''The  Observed  Signs  of 
Neuro- Cardiac  Disease.") 

Fig.  6. —  Case  of  Graves'  disease  with  well- 
marked  retraction  of  upper  eyelid  (Stellway's 
sign).  There  was  very  little  projection  of  the 
eyeball,  though  prominence  appeared  to  be 
extreme.  Patient  aged  twenty-four.  (From 
a  photograpli.) 


"Dr.  Sansom  has  opened  to  us  a  TRBASOHE-HOUSE  OF  KNOWLKDGB.  .  .  .  The  originality  of  the  work 
is  shown  on  every  page,  an  originality  so  complete  as  to  mark  it  out  from  every  other  on  the  subject  with 
which  we  are  acquainted." — Practitioner. 

"  A  book  which  does  credit  to  British  Scientiflc  Medicine.  We  warmly  commend  it  to  all  engaged  in 
clinical  work." — The  Lancet. 
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By  PROFESSOR  T.  M'CALL  ANDERSON,  M.P. 

SECOND  EDITION.     With  Four  Ghromo-Lithographs,  Steel  Plate, 
and  numerous  Woodcuts.  25s. 

A  TREATISE  ON 

DISEASES  OF  THE  SKIN, 

With  Special  Reference  to  Diag-nosis  and  Tpeatment,  Including 
an  Analysis  of  12,000  Consecutive  Cases. 

By  T.   M'CALL  ANDERSON,  M.D., 

Professor  of  Clinical  Medicim,  University  of  Glasgow. 


Professor  M'Oall  Anderson's  Treatise,  affording,  as  it  does,  a 
complete  resume  of  the  best  modern  practice,  is  written — not  from  the 
standpoint  of  the  University  Professor — but  from  tliat  of  one  who, 
during  upwards  of  a  quarter  of  a  century,  has  been  actively  engaged 
both  in  private  and  in  hospital  practice,  with  unusual  opportunities 
for  studying  this  class  of  disease,  hence  the  practical  and  clinical 
directions  given  are  of  great  value. 

Speaking  of  the  practical  aspects  of  Dr.  Anderson's  work,  the 
British  Medical  Journal  says: — "Skin  diseases  are,  as  is  well  known, 
obstinate  and  troublesome,  and  the  knowledge  that  there  are  addi- 
tional RESOURCES  besides  those  in  ordinary  use  will  give  confidence 
to  many  a  puzzled  medical  man,  and  enable  him  to  encourage  a 
doubting  patient.    Almost  any  page  might  be  used  to  illustrate 

THE  FULNESS  OP  THE  WORK   IN   THIS   RESPECT.      .      .      .      The  chapter 

on  Eczema,  that  universal  and  most  troublesome  ailment,  describes 
in  a  comprehensive  spii-it,  and  with  the  gieatest  accuracy  of  detail, 
the  various  methods  of  treatment.  Dr.  Anderson  writes  with  the 
authority  of  a  man  who  has  tried  the  remedies  which  he  discusses, 
and  the  information  and  advice  which  he  gives  cannot  fail  to  prove 
extremely  valuable." 

OPINIONS  OF  THE  PRESS. 

"  Professor  M'Call  Anderson  has  produced  a  work  likely  to  prove  VERY  ACCEPTABLE  to  the 
busy  practitioner.  The  sections  on  treatment  are  very  full.  For  example,  ECZEMA  has  110  pages 
given  to  it,  and  73  of  these  pages  are  devoted  to  treatment."— //rtJieci. 

"  Beyond  doul)t,  the  most  imtortant  wokk  on  Skin  Diseases  that  has  appeared  in  England 
for  many  years.  .  .  .  Conspicuous  for  the  amount  and  EXCKLLENOE  of  the  CLINICAL  AND 
PKACTICAL  information  which  it  contains."— TJrifis/i  Medical  Journal. 

"The  work  may  he  regarded  as  a  storehouse  of  facts  gathered  and  sifted  hy  one  whose 
opinion  is  entitled  to  the  highest  respect,  and  we  have  no  hesitation  in  stating  our  belief  that 
it  has  NO  EQUAL  in  this  cowatry."— Edinburgh  Medical  Journal. 

"Essentially  a  useful  book,  clear  and  graphic  in  description,  dogmatic  and  hopeful  on 
questions  of  irtaXmmt."— Birmingham  Medical  Review. 
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By  Drs  MEYER  and  FERGUS. 

Now  Ready,  vnth  Three  Coloured  Plates  and  numerous  Illmtration*. 
Royal  8yo,  Handsome  Cloth,  25s. 

A  PRACTICAL  TREATISE  ON 

DISEASES  OF  THE  EYE. 

By  EDUUARD  MEYER, 

Prof,  d  I'Ecole  Pratique  de  la  Faculty  de  Me'decine  de  Pans, 
Chev.  of  the  Leg.  of  Honour,  dec. 


Translated  from  the  Third  French  Edition,  with  Additions  as 
contained  in  the  Fourth  German  Edition, 
By  F.  FERGUS,  M.B.,  Ophthalmic  Surgeon,  Glasgow  Infirmary. 


The  particular  features  that  will  most  commend  Dr  Meyer's  work 
to  English  readers  are — its  conciseness,  its  helpfulness  in  explanation, 
and  the  practicality  of  its  directions.  The  best  proof  of  its  worth 
may,  perhaps,  be  seen  in  the  fact  that  it  has  now  gone  through  three 
French  and  four  German  editions,  and  has  been  translated  into  most 
European  languages — Italian,  Spanish,  Kussian,  and  Polish — and  even 
into  Japanese. 


Opinions  of  the  Press. 

"  A  GOOD  TRANSLATION  OP  A  GOOD  BOOK.   ...   A  SOUND  GUIDE  Id  the  diagnosis  and  treatment  ot 

the  various  diseases  of  the  eye  that  are  likely  to  fall  under  the  notice  of  the  general  Practitioner.  The 
Paper,  Type,  and  Chro mo- Lithographs  are  all  ihat  could  be  desired.  .  .  .  We  know  of  no  work  in  which 
the  DISEASES  and  DEFOHMrriES  of  the  lids  are  more  fully  treated.  Numerous  figures  Illustrate  almost 
every  defect  remediable  by  operation." — Practitioner. 

"A  VEKY  TiiusTWORTHY  GUIDE  iu  all  respects.  .  .  .  THOROUGHLY  PRACTICAL.  Excellently  translateo, 
and  very  well  got  up.    Type,  Woodcuts,  and  Cliromo-Lithogi-aphs  are  alike  excellent." — Lancet. 

"  Any  Student  will  find  this  work  of  GREAT  VALUE.  .  .  .  The  chapter  on  Cataract  is  excellent.  .  .  . 
The  Illustrations  describing  the  various  plastic  operations  are  specially  helpful." — Brit.  Med.  Jounial. 

"An  EXCELLENT  TRANSLATION  of  a  standard  French  Text-Book.  .  .  .  We  can  cordially  recommend 
Dr  Me.\  er's  work.    It  is  essentially  a  practical  work.    The  Publishers  have  done  their  pai-t  in  the 

TASTEFL'L  and  SUB,STANTIAL  MANNER  CHARACTERISTIC  OP  THEIR  MEDICAL  PUBLICATIONS.    The  Type  and 

tlie  Illustrations  are  in  marked  contrast  to  most  medical  works." — Ophthalmic  Review. 
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In  Large  Svo,  with  Numerous  Illustrations,  Handsome  Cloth,  10s.  Qd, 

THE  STRUCTURE  AND  FUNCTIONS  OF 

THE  BRAIN  AND  SPINAL  CORD. 

BY 

VICTOR  HORSLEY,  B.S.,  F.R.C.S.,  F.R.8., 

Professor  of  Pathology,  University  College  ;  Assistant-Surgeon,  University  College  Hospital,  dec. 


"  The  portion  treating  of  the  development  of  the  Nervous  System  from  the  simplest  animals 
up  to  man,  everywhere  replete  with  interest.  ...  In  the  last  four  Lectures  we  have  most 
clearly  stated  the  results  of  modem  work.  .  .  .  Well  worth  the  study  of  all  who  wish  to 
apply  the  lessons  of  recent  physiological  research." — Edinburgh  Medical  Journal. 

"  We  HKARTILY  COMMEND  the  book  to  all  readers  and  to  all  classes  of  students  alike, 
as  being  almost  the  only  lucid  account  extant,  embodying  the  latest  RESEARCHES  and  their 
conclusions." — British  Medical  Journal. 


IN  PREPARATION— BY  THE  SAME  AUTHOR. 

SURGERY  OF  THE  BRAIN. 

By  victor  HORSLEY,  F.R.S.,  &c., 

Aisistant  Surgeon,  University  College  Hospital ;  Professor  of  Pathology,  University  College,  Sic.,  &e. 
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OF 

ANATOMY  &  PHYSIOLOGY: 

NORMAL  AND  PATHOLOGICAL. 

CONDUCTED  BY 

SIR  WILLIAM  TURNER,  M.B.,  LL.D.,  D.O.L.,  F.R.S., 

Prof,  of  Anaton(y  in  the  University  of  Edinburgh  ; 

ALEXANDER  MAOALISTER,  M.A.,  M.D.,  F.R.S., 

Prof,  of  Anatomy  in  the  University  of  Cambridge  ; 

D.  J.  OUNNINGHAM,  M.D.,  F.R.C.S.,  F.R.S., 

Prof,  of  Anatomy  an<l  Surgery,  Trinity  College,  Dublin; 
AND 

J.  G.  M'KENDRIOK,  M.D..  F.R.S., 

Prof,  of  the  Institutes  of  Medicine  in  the  University  of  Glasgow. 
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By  W.   BEVAN  LEWIS. 
A     TEXT-BOOK  OF 

MENTAL  DISEASES: 

Having  Special  Reference  to  the  Pathological 

Aspects  of  Insanity. 

BY 

W.  BEY  AN  LEWIS,  L.R.O.P.  Lond.,  M.R.O.S.  Eng., 

Medical  Director  of  the  West  Riding,'  Asylum,  Wakefield. 

SECOND  EDI !  ION.     Thoroughly  Revised  throughout  and  Enlarged.     In  Large  8uo, 
with  Lithographic  Plates  and  Illustrations  in  the  Text.    Handsome  Cloth.  30s. 


OPINIONS    OF    THE  PRESS. 

"Will  take  the  highest  RANKjas  a  Text-Book  of  Mental  Dis.ea,ses."—  British  Medical 
Jourtial, 

"  Without  doubt  the  best  book  in  English  of  its  kind.  .  .  .  The  chapter  on  Epileptic 
Insanity  and  that  on  the  Pathology  of  Insanity  are  perfect,  and  show  a  power  of  work  and 
originality  of  thought  which  are  a,dmira,hle."— Journal  of  Mental  Science. 

"  The  work,  all  through,  is  the  outcome  of  original  observation  and  research." — Mind. 

"  A  SPLENDID  ADDiTiON  to  the  literature  of  mental  diseases.  .  .  .  The  anatomical  and 
histological  section  is  admirably  done.  .  .  .  The  clinical  section  is  concise  and  tersely 
written.  It  is,  however,  to  the  pathological  section  that  the  work  owes  its  chief  merit.  As  a 
STANDARD  WORK  on  the  pathology  of  mental  diseases  this  work  should  occupy  a  prominent 
place  in  the  library  of  every  alienist  physician." — Dublin  Medical  Journal. 

"  Affords  a  fulness  of  information  which  it  would  be  difficult  to  find  in  any  other  treatise 
in  the  English  language." — Edin.  Medical  Journal. 

"  We  record  our  conviction  that  the  book  is  the  best  and  most  complete  treatise  upon  the 
pathological  aspect  of  the  subject  with  which  we  are  familiar.  .  .  .  An  ABSOLUTELY 
l>rDisPENSABLE  addition  to  every  alienist's  and  neurologist's  library." —  The  Alienist  and 
Neuroloffist. 

"  It  would  be  quite  impossible  to  say  too  much  in  praise  of  the  illustr.a.tions." — A7nerican 
Journal  of  Insanity. 

"The  Section  on  Pathological  Anatomy  is  unrivalled  in  English  literature."— £«Z/e<in 
de  la  Soc.  Mid.  Mentale  de  Belgique. 
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Large  8uo,  Handsome  Cloth,  16s. 

LUNATIC  ASYLUMS: 

THEIR   OROANISATION   AND  MANAGEMENT. 

By  CHARLES  MERCIKR,  M.B., 

Late  Senior  Assistant-Medical  Officer  at  Lfavesdeii  Asi/'um,  ami  at  the  City  of  London  Asylum. 


"  Will  give  a  much-ueecled  impetus  to  the  study  of  Asylum  Patients."— Oiasi/oiy  Medical  Journal. 

PART  I     HOUSING.—General  Principles:  Sanitary  Conditions  — Supervision— 

"    "  Accessibility.  General 

Locks— Heating ; 
Fire-places;  Fire- 
[eters.    Wards  and 

Ward  Offices:  (a)  The  Day  Rooms —Furniture ;  Floor  Covering;  Curtains;  labies;  beats; 
Screens;  Bookcase;  Newspaper  Stand;  Letter- Box;  Piano;  Decorations;  Flowers  and  Plants 
Medicine  and  other  Cupboards— (6)  Dormitorie-— Beds ;  Woven  Wire  Mattresses  ;  Bed  leet 
Special  Forms  of  Bedstead;  Mattresses;  Pillows;  Blankets;  Quilts;  Chamber  UtensUs; 
Mirrors;  Brushes  and  Combs;  Lockers;  Screens— Supervision  Dormitories— Smgle  Rooms; 
Shutters;  Ventilation  and  Lighting -Padded  Rooms  — Bath  Rooms  and  Baths— Unnals— 
Water-closets;  Position;  l<loor  and  Walls;  Forms;  Water  Waste  Preventers  —  Lavatories 
Basins;  Towels— Sculleries— Slop  and  Brush  Closets— Boot  Rooms— Soiled  Linen  Closets- 
Coal  Stores— Ward  Stores.  Tlie  Dining  and  Recreation  Halls,  Chapel,  &c:  Recreation  Hall; 
Heating;  Ventilation— The  Chapel— Receiving  Room —Visiting  Room.  Communication: 
Passages ;  Staircases.    Administrative  Portion  :  The  Kitchen— Scullery— Laundry— Wash 
House;  Drjdng  Room;  Ironing  Room;  Foul  Laundry;  Boiler  House — Stores— Workshops — 
Offices;  Superintendent's ;  Assistant  Medical  Officer's ;  Other  Officers';  Library;  Dispensary; 
Mortuai-y;  Photographic  Studio.    Accommodation  for  the  Staff :  For  the  Medical  Superin- 
tendent—For Attendants— For  Assistant  Medical  Officers.  Airing  Courts :  Plants— Seats,  &.c. 

PART  II.    FOOD  AND  CLOTHI  N G.— Food  :  Character  of  Food— Beverages- 
Dietaries.    Testing:  Meat;  Salt  Meat;  Flour;  Bread;  Butter;  Milk;  Cheese;  Sugar;  Tea 
Coffee;  Cocoa;  Vinegar ;  Pepper;  Mustard;  Salt;  Beer;  Tinned  Provisions ;  Rice;  Peas  and 
Beans;  Potatoes.     Storing  and  Keeping:  Meat;  Tea;  Coffee;  Cocoa;  Mustard;  Pepper 
and  Spices;  Tinned  G-oods  ;  Milk;  Bxitter  ;  Cheese;  Potatoes.     Serving:  Mode  of— Table 
Furniture-Extra  Diets.    Clothing:  Women's  Clothing ;  Men's  Clothing. 

PART  III.  OCCUPATION  AND  AMUSEMENT. -Occupation :  Induce- 
ment to  Work — Difficulty  from  want  of  Intelligence — Dangers — From  Use  of  Tools  ;  From 
Relaxation  of  Supervision;  To  Security;  To  Health;  From  Mingling  of  the  Sexes.  Amuse- 
ments :  in  the  Wards — in  the  Airing  Courts;  Quoits;  Bowls;  Lawn-Tennis;  Skittles;  Bad- 
minton; Rackets;  Fives;  Croquet;  Golf;  Cricket;  Football;  (Grounds  ;  Other  Open- Air  Amuse- 
ments; Races,  &c- — Recreations  in  the  Recreation  Hall ;  Dances;  Theatricals;  Concerts. 

PART  IV.  DETENTION  AND  CARE. —Detention :  Meaning  of  Term; 
Limitation  of  Restraint.  Care  :  Suicide  ;  Suicidal  Tendency  in  the  First  Degree — Suicides  in 
the  Second  Degree— Suicides  in  the  Third  Degree — Treatment  of  the  First  Degree — Treatment 
of  the  Third  Degree — Supervision — Precautions  ;  Razoi's  ;  Knives  and  Scissors  ;  Broken  Glass 
and  Crockery;  flome-Made  Knives;  Points  of  Sus])ension ;  Means  of  Suspension  ;  Fire;  Water. 
Violence  :  Provocations  and  Inducements — Aggressive  Restraint — Cl(«eness  of  Aggregation — 
Insane  Peculiarities — Treatment  of  Violent  Patients — Dispersicm — Removal  of  Causes — Chang© 
of  Surroundings- Forewarnings  of  Violence — Mode  of  Assault — Assaults  with  Weapons — 
Precautions  as  to  Weapons — Management  of  Patients  when  Vit)lent — Pretended  Violence. 
Accident :  Causes  of  Accidents — Falls — Epileptic  Fits — Warnings  of  Fits — Amplitude  of 
Warning — Dii'ection  of  Fall — Labour  of  Epileptics — Various  Precautions  for  Epileptics — Falls 
from  Defective  Footgear — from  Feebleness — from  .Jostlini.; — from  Obstacles — from  Defects  in 
Flooring — Suffocation;  Impaction  of  Food  in  the  Throat— Precauticms — Inhalation  of  Food 
into  the  Windpipe — Epileptics  at  Night — Scalding — Fire— Precautions  in  Construction — Pre- 
cautions in  Management — Provisions  for  the  Safety  of  Patients — Locks  of  Single  Rooms — 
Removal  of  Patients  should  be  Practised — Fire -Extinguishing  Apparatus.  Cleanlinesa: 
Bathing— Dirty  Habits — Causes ;  Treatment ;  Neatness  of  Ap]jarel. 

PART  V.  ThLE  STAPP.—Re.sponsibility— Treatment  ai^cording  to  Deserts;  Awards 
to  .Merit;  Awards  to  Faulty  Conduct ;  Amoimt  of  Punishment;  Punishment  should  be  Prompt 
Punishment  should  fit  the  ( Jrime ;  Who  should  Punish  ;  Rewartl  ami  Punishment  both  necessary 
— Supervisiim  ;  Inspection  ;  Surprise  Visits— Reports.  The  Chaplain :  The  Library — Re- 
pairing Books— Torn  Pages  :  Loose  Pages  ;  l^ack  half  off  ;  Ba:k  wholly  gone  ;  Covers  Torn ; 
Re-sewing— Other  Duties.  The  Superintendent:  Supremacy— Character— Duties— Medical 
Duties.  Statutory  Duties  :  Duties  attending  the  Reception  of  Patients— Original  Reception 
—Private  Patient— Reception  on  Judicial  Order  on  Petition  ;  The  Order ;  The  Certificates. 
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By  Drs.  QBERSTEINER  and  HILL. 

CENTRAL  NERVOUS  ORGANS: 

A  GUIDE  TO  THE  STUDY  OF  THEIR  STRUCTURE  IN 
HEALTH  AND  DISEASE. 

By  PROFESSOK  H.  OBERSTEINER, 

University  of  Vienna. 

T  /;  A  A' s  L  A  r  /•-■  D,  \v  J  r  ji  a  x  n  otatio  x  s  ax2>  a  DDI  no  N  s, 
By  ALEX    HILL,  M.A.,  M.D., 

Vice-Cliaucellor  of  the  University  of  CanibriiJ^'O;  Master  of  Dowuiiij;  College. 

SECOND  EDITION,   REVISED  AND  RE-WRITTEN. 

With  all  the  Original  Illustrations. 

"  Dr.  Hill  has  enriched  the  work  with  niaii}'  notes  of  liis  own.    .    .    .    Dr.  Hill's  transla 
tion  is  most  accurate,  the  English  i»  excellent,  and  the  hook  is  very  readable.    .    .    .  Dr. 
Obersteiner's  work  is  admirable.    He  has  a  marvellous  power  of  marshalling  together  a  large 
number  of  facts,  all  bearing  on  an  extremely  intricate  subject,  into  a  harmonious,  clear, 
consecutive  whole.    .    .    .    Invaluable  as  a  text-book. " — liritish  Aledical  Journal. 

"  The  FULLKST  and  most  acchhate  exposition  now  attainable  of  the  results  of  anatomical 
inquiry.  The  Translaii<m  is  done  by  one  who  is  himself  a  Master  of  Anatomj-,  able  not  only 
to  follow  his  author,  but  also  to  sup])lement  him  with  the  results  of  independent  research. 
Dr.  Hill's  additions  add  materially  to  the  value  of  the  original.  The  work  is  specially  com- 
mended to  all  students  of  mental  science.  .  .  .  The  illustrative  figures  are  of  particular 
excellence  and  admirably  instructive." — Mind. 

\  Ready  immediately. 

By  Prof.  A.  C.  HADDON. 
AN    INTRODUCTION  TO 

THE   STUDY  OF  EMBRYOLOGY. 

By  ALFRED   C.  HADDON,  M.A.,  M.R.I. A., 

Prol'essor  of  Zoolcify,  Koyal  College  of  Science,  Dublin. 

In  Large  Sua,  with  190  Illustrations    Handsome  Cloth,  18s 

OPIi<lIONS   OF   THE  PRESS. 

"Well  and  clearly  wkitten.  .  .  .  Many  important  discoveries  or  theories  are 
described,  which  are  necessarily  absent  from  Balfour's  v.'or\<.."—  JVature. 

"Dr.  Haddon  has  written  the  best  of  the  three  modern  English  works  on  the  subject." — 
Dublin  Medical  Journal.   

ESSAYS  IN  HEART  AND  LUNG  DISEASES. 

By  ARTHUR  FOX  WELL,  M.A,,  M.D.Cantab,,  F.R.O.P.Lond., 

Physician  to  the  Queen's  Hospital,  Biniiingham. 

General  Contents.— On  Dyspxcea— Expectobation  in  Phthisis— On  Catarrh  (A. 
Acute  Pneumonia  in  Children  ;  B.  Acute  Laryngitis  iu  Children  ;  C.  Acute  Primary  Peri- 
tonitis ;  D.  Catarrhus)— On  Climate  (A.  the  Davos  and  Engadine  Valleys;  B.  Arosa,  a 
Hamlet  in  the  Orisons  ;  C.  The  Climatic  Treatment  of  Tubercular  Phthisis)— Nou-Tuber- 
CULAR  Pulmonary  Cavities— The  CuRABiLViY  and  Prognosis  of  Phthisis— The 
Vascular  System  in  Anaemic  1  ebility— Arterial  High  Tension— Congestion  of  the 
Lungs- On  Hemoptysis— The  Antiseptic  Treatment  of  Tubercular  Phthisis. 
With  Diagrams,  Demy  8vo,  472  pp.     12s.  6d. 

"These  ADMIRABLE  'Essays."— Brit.  Med.  Journ. 
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Second  Edition.    In  Large  8vo,  Handsome  Cloth.  21s. 

FORENSIC  MEDICINE 

AND 

TOXICOLOGY. 

jfor  tbe  IDlsc  of  ipractitionere  au^  Stubcnts. 

BY 

J.  DIXON  MANN,  M.D.,  F.R.C.P., 

Professor  of  Motlical  Jurisprudenoc  and  Toxicology  in  Owens  I'ollege,  Mancliester;  Examiner  in 
Forensic  Medicine  in  the  Univei  sity  of  Lonilon,  aii'i  in  the  Victoria  Uniyersity : 
Physician  to  the  Salford  Royal  Hospital. 

Second  Editiok,  thoroughly  Revised  thi-oughoiit  and  Enlarged. 

Part  I. — Forensic  Medicine.  Part  II.  —  Insanity  in  its  Medico-legal 
Bearings.    Part  III. — Toxicology. 

Dublin  Medical  Journal.— By  far  the  most  eeliablk,  most  scientific,  aud  m<ist  moi  ekn  book  on  Medical 
Jurisprudence  with  which  we  are  acquainted." 

Ttie  Law  Journal.— ^'  I'his  new  work  will  be  of  value  to  all  thoae  who  as  medical  men  or  lawyers  are 

engaged  in  cases  where  the  testimony  of  medical  experts  formal  a  part  of  the  evidence  v  most 

USEFUL  work  of  reference.'' 

Medical  Press.— This  excellent  i  ext-book  cannot  fail  to  be  a  success  ;  it  gives  all  a  student  requires 
for  examination,  and  all  that  is  necessary  for  the  practitioner." 


Ln  Large  8vo,  Handsome  Cloth.  25s. 

A  TREATISE  OH  RUPTURES. 

BV 

JONATHAN  F.  C.  H.  MACREADY,  F.R.C.S., 

Surgeon  to  the  Great  Northern  Central  Hospital;  to  the  City  of  London  Hospital  for  Diseases  of  the 
Chest,  Victoria  Park;  to  the  Cheyno  Hospital  for  iSick  and  Incurable  Children; 
and  to  the  City  of  London  Truss  Society. 


With  Twenty-four  Lithographed  Plates  and  Illustrations  in  the  Text. 


Lanctt.—''  A  mine  op  wealth  to  those  who  will  study  it— a  great  stoi  chouse  of  facts." 

Edinburgh  Medical  /-^-Krna/.—"  Certainly  by  far  ilie  most  complete  and  authoritative  wokk  on  tho 
subject  with  which  we  are  acquainted.    The  text  is  clear  and  concise,  the  numerous  illustrations  ara 
KKPRODUCTioNS  FROM  i'Hotogr A PH.S  from  nature;  the  author  s  statements  are  founded  on  an  dniqdb  expeih 
BNCE,  which  IS  freely  drawn  upon."  ^  ivArisiu 

Dublin  Journal  of  Medical  Science.— ''This  really  is  a  complete  monogkapi;  on  the  suhjet:." 
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By  W.   THORBURN,  F.R.C.S.Eng. 

A  CONTRIBUTION  TO  THE  STUDY  OF 

THE  SURGERY  OF  THE  SPINAL  CORD. 

By  WILLIAM  THORBURN,  B.S.,  B.Sc,  M.D.  Lond.,  F.R.C.S.Eng., 

Assistant  Surgeon  to  the  Mauohester  Royiil  Inllrmary. 
In  Large  Svo,  ivith  Illustrations  and  Tables.    Handsome  Cloth,  12s.  6d. 

"  We  conKTatulate  Dr.  Thorburn  on  his  masterly  monograph."— ^atorday  Revitio. 

'*  A  MOST  VALUABLE  CONTRIBUTION  to  the  literature  of  a  field  of  surgery  which,  although  but 
recently  brought  under  cultivation,  is  already  yielding  such  brilliant  reA\\\\s."—Birminijlium  Medical 
Heview. 

"  Really  the  fullest  record  we  have  of  Spinal  Surgery.  .  .  .  The  work  marks  an  impoi  tant 
advatice  in  modern  Surgery." 

''  A  most  thorough  and  exhaustive  work  on  Spinal  Surgery."— £r/s/o^  Medical.  Journal. 

"A  most  valuable  contribution  both  to  Physiology  and  Unrgery  " —Ophthalmic  Review. 

"  A  VERT  Valuable  contribution  to  practical  neurology.  .  .  .  This  book  is  an  excellent,  clear, 
concise  monograph ."—  Philadelphia  Therapeutic  Gazette. 


By  H.  W.  PAGE,  F.R.C.S. 

RAILWAY  INJURIES: 

With  Special  Reference  to  tfiose  of  t/ie  Back  and  Nervous  System,  in 
their  IVIedico- Legal  and  Clinical  Aspects. 

By  HERBERT  W.  PAGE,  M.A.,  M.C.  (Cantab),  F.R.C.S.  (Eng.), 

Surgeon  to  St.  Mary's  Hospital,  Dean,  St.  Mary's  Hospital  Medical  School,  &c. 
In  Large  Svo,    Handsome  Cloth,  6s. 

"A  work  INVALUABLE  to  those  who  have  many  railway  cases  under  their  care  pending  liti- 
gation. .  .  A  book  wliich  every  lawyer  as  well  as  doctor  should  have  on  his  shelves." — British 
Medical  Journal. 

**  Deserves  the  most  careful  study.  ...  A  book  which  eveiy  medical  man  would  do  w«ll  to 
read  before  he  presents  himself  for  examination  and  cross-examination  in  the  witness-box  on  a  railway 
case." — Dublin  Med.  Journal. 

**  This  book  will  undoubtedly  be  of  great  use  to  Lawyers."— Xaw  Times. 


By  J.  KNOWSLEY  THORNTON,  M.B.,  M.C. 

THE  SURGERY  OF  THE  KIDNEYS, 

Being  the  Harveian  Lectures,  1889. 
By  J.   KNOWSLEY  THORNTON,  M.B.,  M.C, 

Surgeon  to  the  Samaritan  Free  Hospital,  &c. 
In  Demy  %vo,  with  Illustrations.    Handsome  Cloth,  5s. 

"  The  name  and  experience  of  the  author  confer  on  the  Lectures  the  stamp  of  authority."— £rt7isA 
Medical  Journal. 

"  These  Lectures  are  an  exposition  by  the  hand  of  an  expert  of  what  is  known  and  has  been  done 
up  to  the  present,  in  the  Surgery  of  the  Kidneys."— Edinburph  Medical  Journal. 

The  book  will  necessarily  be  widely  read,  and  will  have  an  important  influence  on  the  progress 
of  this  domain  of  Surgery."— University  Medical  Magazive. 
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Second  Revised  and  Enlakged  Edition.     With  Illmtrations  in  the  Text,  and 
Thirty -Seven  Plates.    Large  %vo.    Handsome  Cloth,  ^Us. 

SEWAGE  DISPOSAL  WORKS: 

A  (JUIDE  TO  THE 

Construction  of  Works  for  the  Prevention  of  the  Pollution  by  Sewage 

of  Rivers  and  Estuaries. 

BY 

W.  SANTO  CRIMP,  Mem.  Inst.  C.E.,  F.G.S., 

Late  Assistant-Engineer  to  the  London  County  Council. 

SECOND     EDITION.  REVISED     AND  ENLARGED. 


PART  I. — Introductory. 


Introduction. 

Details  of  River  Pollutions  and  Recom- 
mendations of  Various  Commissions. 

Hourly  and  Daily  Flow  of  Sewage. 

The  Pail  System  as  Affecting  Sewage. 

The  Separation  of  Kain-water  from  the 
Sewage  Proper. 


Settling  Tanks. 
Chemical  Processes. 
The  Disposal  of  Sewage-sludge. 
The  Preparation  of  Land  for  Sewage  Dis- 
posal. 

Table  of  Sewage  Farm  Management. 


PART  II.— Sewage  Disposal  Works  in  Operation — Their 
Construction,  Maintenance,  and  Cost. 

Illustrated  by  Plates  shoioing  the  General  Plan  and  Arrangement  adopted 

in  each  District. 


London. 

Doncaster  Irrigation  Farm. 

Beddington  Irrigation  Farm,  Borough  of 
Croydon. 

Bedford  Sewage  Farm  Irrigation. 

Dewsbury  and  Hitchin  Intermittent  Fil- 
tration. 

Merton,  Croydon  Rural  Sanitary  Authority. 
Rochester,  Kent,  and  Swanwick,  Derby- 
shire. 

The  Ealing  Sewage  Works. 
Chi.swick. 

Kingston-on-Thames,  A.  B.C.  Proces.s. 
Salford  Sewage  Works. 
Bradford,  Precijiitation. 


New  Maiden,  Chemical  Treatment  and 

Small  Filters. 
Friern  Barnet. 

Acton,  Ferozone  and  Polarite  Process. 
Ilford,  Chadwell,  and  Dagenham  Sewage 

Disposal  W^orks. 
Coventry. 
Wimbledon. 
Birmingham. 
Margate. 
Portsmouth. 
Berlin. 

Sewage  Precipitation  Works,  Dortmund 

((iermany). 
Treatment  of  Sewage  by  Electrolysis. 


"  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gratittide  to  Mr.  Crimp.  .  . 
His  work  will  be  especially  tiseful  to  Sanitakv  .\uthoritiks  and  their  advisers  .  .  . 
eminently  practical  and  useful  .  .  .  gives  plans  and  descrijitions  of  many  of  thb 
MOST  important  sewaoe  WORKS  of  England  .  .  .  with  very  valuable  information  as  to 
the  COST  of  construction  and  working  of  each.  .  .  .  The  carefully-prepared  drawings 
permit  of  an  easy  compfirison  between  the  different  systems." — Lmicct. 

"  Probably  the  best  and  most  complete  treatise  on  the  subject  which  has  appeared  in 
our  langtiage.  .  .  .  Will  prove  of  the  greatest  use  to  all  who  have  the  problem  of  Sewage 
Disposal  to  face.  .  .  .  The  general  construction,  drawings,  and  type  are  all  excellent."— 
Edinburylk  Mediad  Journal. 
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CHARLES  GRIFFIN  dc  COMPANY'S 


Griffin's  Poeket-Book  Series. 

By   R.   S.  AITCHISON. 

THIRD  EDITION,  REVISED,  ENLARGED,  AND  BROUGHT  THOROUGHLY  UP-TO-DATE, 
Pocket-Size,  Elegantly  bound  in  Leather.  Rounded  edges,  8s.  6d. 

A  MEDICAL  HANDBOOK 

jfor  tbe  use  of  practitioners  aiiD  Students. 

BY 

R.  S.   AITCHISON,  M.B.  (Edin.),  F.R.C.P.E, 

Physician,  New  Town  Dispensary,  Kdinbursh;  Visiting  Pliysician,  St.  Uutlibert's  Hospital, 

Edinburgh,  &c.,  &c. 

WITH    NUMEROUS  ILLUSTRATIONS. 

General  Contents.— Introduction— Diagnosis,  Case-Taking,  &c.— Diseases  of  the 
Circulatory  System  — Diseases  of  the  Respiratory  System— The  Urine  -  Diseases  of  the 
Urinary  System— Diseases  of  the  Digestive  System  — Diseases  of  the  Nervous  System- 
Diseases  of  the  Haemopoietic  System— Constitutional  and  General  Diseases— Fevers  and 
Miasmat  c  Diseases —General  Data,  Rules,  and  Tables  useful  for  Reference  —  Pos<- 
morlem  Examination—  Rules  for  Prescribing — Prescriptions. 

"  Such  a  work  <as  this  is  re:illy  neci  ssart  for  tlie  busy  practitioner.  Tlie  field  of  niediciue  is  so  wide  that  even 
the  best  informed  may  at  tlie  momeut  miss  the  salient  puiiits  in  iliafrnosis  ...  he  needs  to  refresh  and  revise 
his  knowledge,  and  to  focus  his  mind  on  those  things  which  are  essential.  We  can  speak  hiqmlt  of  Dr.  Aitchison  s 
Handbook.  .  .  .  Honestly  E.xhcutkd.  No  mere  compilation,  the  scientific  spirit  and  standard  maintained 
throughout  nut  it  on  a  higher  plane.  .  .   .  Excellently  got  up,  handy  and  portable,  and  well  adapted  lor  ekady 

REFERENCE.  —r/lC  LuHCet. 

"  As  a  means  of  ready  reference,  most  complete.  The  busy  practitioner  will  often  turn  to  its  x>nges."—Jouni. 
o/the  American  Med.  Association. 


By  MM.  CAIRD  and  CATHCART. 

TENTH  EDITION.     Pochet-bize,  Elegantly  bound  in  Leather. 
With  Numerous  Illustrations.     8s.  6d. 

A  SURGICAL  HANDBOOK, 

For  Practitioners,  Students,  House-Surgeons,  and  Dressers. 

BY 

F.  M.  CAIRD,  M.B.,  F.R.C.S.,  (k  C.  W.  OATHOART,  M.B.,  F.R.O.S., 

Assistant-Surgeons,  Royal  Infirmary,  Edinburgh. 


General  Contents.  —  Case-Taking  —  Treatment  of  Patients  before  and  after 
Operation  —  Anresthetics  :  General  and  Local  —  Antiseptics  and  Wound-Treatment  — 
Arrest  of  Haemorrhage — Shock  and  Wound-Fever  — Emergency  Cases— Tracheotomy : 
Minor  Surgical  Operations — Bandaging — Fractures-  Dislocations,  Sprains,  and  Bruises — 
Extemporary  Appliances  and  Civil  Ambulance  Work —Massage— Surgical  Applications 
of  Electricity— Joint-Fixation  and  Fixed  Apparatus — The  Urine  -  The  Syphon  and  its 
Uses — Trusses  and  Artificial,  Limbs  —  Plaster-Casting  —  Post-Mortem  Examination  — 
Appendix  :  Various  Useful  Hints,  Suggestions,  and  Mecipes. 

"Thorodghlt  practical  and  trustworthy,  well  up  to  date,  clear,  accurate,  and  succinct.  Tbe 
book  is  handy,  and  very  well  Kot  up." — Lancet. 

"  Admirably  arranged.  The  besi  pra  tical  little  work  we  have  seen.  The  matter  is  as  good  as  the 
manner." — Edinburgh  Medical  Journal. 

"  Will  prove  of  real  service  to  the  Practitioner  who  wants  a  useful  vade  mecum." — British  Medical  Journal. 

"Fulfils  admirably  the  objects  with  which  it  has  been  written. " — Glasgow  Medical  Journal. 

"  This  EXCELLENT  little  work.  Clear,  concise,  ami  very  readable.  Gives  attention  to  important 
details  often  omitted,  but  absolutely  necessary  to  svc:cv.ss." — Alhenxum. 

"A  dainty  volume." — Manchester  Medical  Chronicle 
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Griffin's    Poeket-Book  Series. 

By   Drs.   PORTER    and  GODWIN. 

FOURTH  EDITION,  Revised  and  Enlarged.    Leather,  Rounded  Edges,  with 
128  Illustrations  and  Folding-plate.    8s.  6d. 

THE  SURGEON'S  POCKET-BOOK. 

Specially  a&apte&  to  tbe  ipubUc  /llbe&fcal  Services. 

By  Surgeon-Major  J.  H.  PORTE H. 

REVISED   AND    IN   GREAT    fART  REWRITTEN 

By   Brigade-Surgeon    C.    H.    Y.  GODWIN, 

Late  Professor  of  Military  Surgery  in  tlie  Army  Medical  School. 

"  Every  Medical  Officer  is  recommended  to  have  the  '  Surgeon's  Pocket-Book,'  by  Surgeon- 
Major  Porter,  accessible  to  refresh  his  memory  and  fortify  his  judgment."— Prccw  of  Fidd- 
JSerrice  Mfdical  Arrangements  for  Afghan  War. 

"  The  present  editor— Brigade-Surgeon  Godwin— has  introduced  so  much  tliat  is  new  and 
practical,  that  we  can  recommend  this  'Surgeon's  Pocket-Book'  as  an  invaluable  GUIDE  to 
all  engaged,  or  likely  to  be  engaged,  in  Field  Medical  Service.  "—i/a?iC"c«. 

"A  complete  vade  mecum  to  guide  the  military  surgeon  in  the  field."'— /Jritis/i  Medical 
Journal. 


SECOND  EDITION.    Thoroughly  Revised  and  Partly  Re-written     Pocket  Size. 

Leather.    With  Illustrations. 

HYGIENE  (A  Hand-book  of). 

BY 

SURGEON-MAJOR  A.  M.  DAVIES,  D.P.H  Canib., 

Late  Assistant-Professor  of  Hygiene,  Aiiny  Medical  School. 

General  Contents.— Air  and  Veatilation— Water  und  Water  Supply  — Food  and 
Dieting — Removal  and  Disposal  of  Sewage — Habitations — Personal  Hygiene— Soils  and 
Sites  -  Climate  and  Meteorology— Causation  and  Prevention  of  Disease- -Disinfection. 


"This  ADMIRABLE  HANDBOOK  .  .  .  gives  FULL  information  compressed  into  the 
smallest  possible  bulk." — Edin.  Med.  Journal. 

"The  elegant  dress  of  the  little  volume  before  us  is  but  the  outer  covering  of  a  TRULY 
RICH  KERNEL,  and  justly  merits  the  praise  it  spontaneously  calls  forth.  Attractive  to  the 
eye,  Surgeon-Major  Davies'  volume  is  ecjually  attractive  to  the  mind.  Students  will  find 
that  its  590  pages  comprise  all  information  necessary.  CoMP.\('T,  handy,  comphehensive, 
it  certainly  merits  a  high  place  among  the  text-books  of  the  day.  ' — Sanitarj/  Record. 

"  We  are  glad  to  welcome  Surgeon-Major  Davies'  book  ...  he  has  had  ample  oppor- 
tunity to  make  himself  a  ma.ster  of  the  science,  and  he  has  a  right  to  speak.  .  .  . 
Wonderfully  well  up  to  date,  well  and  clearly  written,  iileasant  to  read."-  -T//c  Lancet. 

"Really  an  admirable  book.  ...  A  most  handy  work  of  uefkuenck  full  of 
information." — The  Nox/'it(d. 

"A  singularly  comjjact  and  elegant  volume  .  .  .  contains  an  admirable  precis  of 
everything  relating  to  Hygiene  cleakly  and  LOGICALLY  ARitANGED  and  easy  of  reference. 
Likely,  we  think,  to  be  the  favourite  text-book." — Public  Health. 
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Griffin's  Pocket-Book  Series. 

TWO  IMPORTANT  ADDITIONAL  VOLUMES. 

Now  Keady.     Leather.     With  Rounded  Kdyes  for  tlie  Pocket. 
With  Illustrations.     10s.  6c?. 

THE  DISEASES  OF  CHILDREN, 

A  CLINICAL  HANDBOOK. 

By   GEO.    ELDER,    M.D.,   F.R.C.P.(Ed.),  and 
J.  S.  FOWLER,  M.D.,  F.R.C.P.(Ed.), 

Clinical  Tutorf,  Royal  Inflrmary,  Edinburgh;   Physicians  for  Out-patients,  Leith. 

General  Contents. — Anatomy — Physiology — Feeding  in  Infancy  and  in  Child- 
hood—  General  Tuerapeutics  —  Diagnosis  ;  Method  of  Examination;  Anamnesis  — 
General  Examination  ;  Temperature  ;  Examination  of  the  Skin— Alimentary  and 
Hsemopoietic  Systems — Circulatory  and  Respiratory  and  Urinary  Systems — Nervous 
and  Locomotory  Systems  —  Diseases  of  the  Newly-Born — General  Constitutional 
Diseases — Diseases  of  the  Alimentary  System — Of  the  Hemopoietic  System — Of  the 
Circulatory  System— Of  the  Respiratory  System — Of  the  Urinary  System — Of  the 
Nervous  System,  Functional — Of  the  Nervous  System,  Organic — Acute  Infectious 
Diseases — Index. 

"Well  adapteJ  to  its  pin-pose.  For  a  Student's  bed-side  guide  it  may  be  cordially  recom- 
mended."— Edinburgh  Medical  Jnurnal. 

"The  Authors  are  ti>  he  congratulated  on  the  lai'ge  amount  of  information  which  they  have 
compressed  into  a  small  space.   Concise,  .  .  .  accurate,  .  .  .  convenient."— r/ic  Pracftfiwier. 

"The  book  deserves  a  wide  circulation.  We  recommend  it  as  a  thoroughly  trustworthy 
IDE." — Scottish    edical  and  Surgical  Journal. 


Jt'ST  Out.    Pocket-size,  Leather,  with  Illustrations  [some  in  Colours).    10s.  6d. 

OUTLINES  OF  BACTERIOLOGY, 

A  PRACTICAL  HANDBOOK  FOR  STUDENTS. 

(Ouvrage  couronne  par  la  Facultc  de  Medecine  de  Paris). 
By  Dr.  L.  H.  THOINOT,      and  E.  J.  MASSELTN, 

Professeur  agr^g^  a  la  Facultd.    Mddecin  M^decin  Vetcrinaire. 

des  Hopitaux. 

Translated  and  adapted  for  English  Use,  with  Additions, 
By   WM.   ST.   CLAIR   SYMMERS,  M.B.(Aberd.), 

Professor  of  Pathology  an  I  Bacteriology,  Govt.  Medical  Scliool.  Cairo;  lute  Assistant  Bacteriologist,  British 
Institute  of  Preventive  MeJicine,  London;  Pathologist,  Lancashire  County  Asylum. 
Prestwick;  and  Pathologist,  General  Hospiiai,  Birmingham,  &c.,  &c. 

Contents. —I.  Glass  Apparatus.  II.  Preparation  and  Sterilization  —  Culture 
Media.  III.  Autoclave  and  Incubator.  IV.  P]xperiments  with  Living  Animals. 
V.  VI.  General  Culture  Metliods.  VII.  Colouring  and  Staining.  VIII.  Microscopic 
Examination.  Part  II. — I.  Diseases  Common  to  Man  and  Lower  Animals.  II. 
Diseases  Special  to  certain  Higher  Animals.    III.  Microbic  Diseases  Peculiar  to  Man, 
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Thiki)  Edhion.    With  Numerous  Illusirationi<.  5s. 
AN  INTRODUCTION  TO  THE  STUDY  OF 

:m:i  iD"wi  iT-E  i^^- 

Fop  the  Use  of  Young-  Practitioners,  Students,  and  Midwives. 

By  ARCHIBALD  DONALD,  M.A.,  M.D.,  C.M.Edin., 

Obstetric  I'hysii  iiui  to  the  Manchester  Koyal  InQriuary ;  lion.  Surgeon  to  St.  Mary's  Hospital 

for  Women,  Manchosioi'. 

British  Gynacological  /oio-nni  —"  Highly  ci{editablk  to  the  author,  and  should  prove 
of  GREAT  VAi.i  E  to  Midwifery  Students  and  Junior  Practitioners." 

Sheffield  Medical  Journal.— As  an  introduction  to  the  study  of  Midwifery,  NO  better 
BOOK  could  be  placed  in  the  hands  of  the  Student." 


Third  Edition.    In  Crown  ^vo,  with  Illustrations.    7s.  Qd. 
OUTLINES  OF 

THE  DISEASES  OF  WOMEN. 

A  CONCISE   HANDBOOK   FOR  STUDENTS. 

By  JOHN  PHILLIPS,  M.A.,  M.D.,  F.R.C.P., 

Physicim,  British  Lyinj;-in  Hospital;  Assist.  Obst.  Physiciiin,  King's  College  Hospital; 
Fell,  and  Mem.  Md.  for  Exam,  of  Midwives,  OI)"stet.  Society;  Examiner  in 
Midwifery,  University  of  Gla-gow,  Ac,  &c. 

Dr.  Phillips'  work  is  essentially  practical  in  its  nature,  and  will  be  found 
invaluable  to  the  student  and  young  practitioner. 

"  Contains  a  great  deal  of  information  in  a  very  condensed  form.  .  .  .  The 
value  of  the  work  is  increased  by  the  number  of  sketch  diagrams,  some  of  which  are  highly 
ingenious." — Edin.  Med.  Journal 

"  Dr.  Phillips'  Manual  is  written  in  a  succinct  style.  He  rightly  lays  stress  on 
Anatomy.  The  passages  on  case-taking  are  excellent.  Dr.  Phillips  is  very  trustwtprthy 
throughout  in  his  views  on  Thehapeutics.  He  supplies  an  excellent  series  of  simi'LE  but 
VALUABLE  PRESCRIPTIONS,  an  iNDTSPENSABLL  REQUIREMENT  for  students      Brit.  Mcd.  J oumal. 

'•This  excellent  text-boc^k  .  .  .  gives  just  what  the  student  requires  .  .  . 
The  prescriptions  cannot  but  be  helpful." — Medical  Press. 


In  8vo,  luith  Illustrations.    Cloth,  6f/. 

The  Management  of  Labour  and  of  the  Lying-in  Period. 

By  prof.  H.  G.  LANDIS,  M.D., 

Starling  Medical  College. 

"  Fully  accomplishes  the  object  kept  in  view  by  its  author.  .  .  .  Will  be  found  of 
great  value  by  the  young  practitioner."— tf^a.sf/ojt;  Medical  Journal. 
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Important  New  Work  Just  Out.  16s. 

DAIRY  CHEMISTRY  FOR  DAIRY  MANAGERS, 
CHEMISTS,  AND  ANALYSTS:  . 

/T  Practical  HandbooR  for  Da/rj/  Chemists 
and  others  hat^in^  Control  of  Dairies, 

With  numerous  Tables  and  22  Illustrations. 

BY 

H.    DROOP    RICHMOND,  F.C.S, 

Chem  st  to  the  Aylesbury  Dairy  Company. 

Simimary  of  Contents : —1.  Introductory  -  The  Constituents  of  Milk.  II.  The 
Analysis  of  Milk.  III.  Normal  Milk:  Its  Adulterations  and  Alterations,  and  their 
Detection.  IV.  The  Chemical  Control  of  the  Dairy.  V.  Biological  and  Sanitary 
Matters.  VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals 
other  than  the  Cow — Appendices— Tables. 

'Will  probably  at  once  take  rank  as  the  LE.u>iNa  treatise  on  its  s\\h]ect."— Scotsman. 


Vol.  I.  now  Ready.    Complete  in  Itself.    Price  15s. 

In.  Two  Volumes,  nold  Separately. 
In  Large  8vo.     Handsome  Cloth.     With  Numerous  Illustrations. 

TECHNICAL  MYCOLOGY: 

The  Utilization  of  'lYIicro'Or^anisms  in  the 
/Irts  and  Manufactures, 

A  Practical  Handbook  on  Fermentation  and  Fermentative  Processes 
for  the  Use  of  Brewers  and  Distillers,  Analysts,  Technical  and 
Agricultural  Chemists,  and  all  interested  in  the 
Industries  dependent  on  Fermentation. 

By   Dk.   FRANZ  LAFAR, 

Prore^sor  of  I'^ermentation- Physiology  and  Bacteriology  iu  the  Technical  High  '^chool,  Vieuua. 

With  an  Introduction  by  Dr.  EMIL  CHR.  HANSEN,  Principal  of  the 

Carlsberg  Laboratory,  Copenhagen. 

Translated  by  CHARLES  T.  C.  SALTER. 

"The  chajiters  teem  with  interesting  matter  from  beginning?  to  end.  We  look  forward 
with  more  than  ordinary  anticiviation  to  the  second  volume." — Lancet. 

"It  is  difficult  to  conceive  of  a  more  satisfactory  practical  hand-book  being  produced." 
— Pharma ecu tical  Jou rna I. 

"Indispensable  .  .  .  comprehensive  ...  a  i)erfect  mine  of  wealth."— TAe 
Analyst. 

"An  exceedingly  interesting  and  vahiable  contribution." — Nature. 
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In  Large   8vo.     Cloth,  \2s.  6c/. 


PHVSIOItOGIST's"  HOTE-BOOK : 

A  SUlVIMARY  of  the 

Present  State  of  Physiological  Science  for  Students. 

EY 

ALEX    HILL,    M.A.,   M.  D., 

Vice-Chancelloi-  of  the  University  of  Cambridge;  Master  of  Downing  College. 


With  Numerous  Illustrations  and  Blank  Pages  for  MS.  Notes. 


General  Contents. — The  Blood— The  Vascular  System— The  Nerves— Muscle— 
Digestion— The  Skin— The  Kidneys— Respiration— The  Senses— Voice  and  Speech — 
Central  Nervous  System— Reproduction — Chemistry  of  the  Body. 


CHIEF  FEATURES  OF  DR.  HILL'S  NOTE-BOOK. 

1.  It  helps  the  Student  to  CODIFY  HIS  KNOWLEDGE. 

2.  (iives  a  grasp  of  BOTH  SIDES  of  an  argument. 

3.  Is  INDISPENSABLE  for  RAPID  RECAPITULATION. 

The  Lancet  says  of  it: — "  The  work  which  the  Master  of  Downing  College  modestly  compares  to  a  Note- 
book is  an  admirable  compendum  of  our  present  informatiou  .  .  .  will  be  a  REAL  ACQUISITION  to  Students 
.  .  .  gives  all  essential  points.  .  .  .  The  typographical  akijangkmknt  is  a  chief  fealure  of  the  !iook. 
.   .    .   Secures  at  a  glance  the  kvidenck  on  both  sides  of  a  theory." 

The  Hospilal  says:— "  The  Physiologist's  Note-boo);  bears  the  hall-mark  of  the  Cambridge  School,  and 
Is  the  work  of  om^  of  the  most  successful  of  her  teachers.    .    .    .    Will  be  invaluable  to  siudents." 

The  Brilish  Medical  Journal  commends  in  the  volume— "Its  admirable  diagrams,  its  running  biblio- 
graphy, its  cl  ar  Tables,  and  its  concise  statement  of  the  anatomical  aspects  of  the  subject.'' 


"If  a  Student  could  rely  on  remembering  every  word  'which  he  had  ever  heard  or  read, 
such  a  book  as  this  would  be  unnecessary;  but  experience  teaches  tliat  he  constantly  needs 
to  recall  the  form  of  an  argument  and  to  make  sure  of  the  jirojier  classification  of  his  facts, 
although  he  does  not  need  a  second  time  to  follow  the  author  up  all  the  short  steps  bj'  wliich 
the  ascent  was  first  made.  With  a  viev/  to  rendering  the  book  useful  for  rapid  recapitulation, 
I  have  endeavoured  to  strike  out  every  word  which  was  not  essential  to  clearness,  and  thus, 
without  I  hope  falling  into  '  telegram '  English,  to  give  the  text  the  form  which  it  may  be 
supposed  to  take  in  a  well-kept  Note-book  ;  at  the  same  time,  space  has  been  left  for  the 
introduction  in  MS.  of  such  additional  facts  .and  arguments  as  seem  to  the  reader  to  bear 
upon  the  subject-matter.  For  the  same  reason  the  drawings  are  reduced  to  diagrams. 
All  details  which  are  not  necessary  to  the  comprehension  of  the  principles  of  construction  of 
the  apparatus  or  organ,  as  the  case  may  be,  are  omitted,  and  it  is  hoped  that  the  drawings 
will,  therefore,  be  easy  to  grasp,  rememl)er,  and  reproduce. 

"As  it  is  intended  that  the  'Note-book'  .should  be  essentially  a  Student's  book  no 
references  are  given  to  foreign  literature  or  to  recondite  i)apers  in  English;  but,  (m  tlie  other 
hand,  references  are  given  to  a  number  of  classical  English  memoirs,  as  well  as  to  descriptions 
in  text-books  which  appear  to  me  to  be  i)articularly  lucid,  and  the  Student  is  strongly 
recommended  to  .study  the  passages  and  Papers  referred  to." —Extract  from  Author's  Prefa'c''. 
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By  WILLIAM  STIRLING,  M.D.,  Sc.D., 

Professor  in  tlie  Victoria  Uiiiveisity,  Brai-keubury  Professor  of  l>liydiulc,f.'y  and  Ilistolofc'y  in  tlie  Owens  ColIeKe. 
Jlanclicster ;  and  Lxaiuuifr  iii  tlie  Universities  of  Kdinlmrgli  and  London  ;  and  for  the 
I'ellowsUip  of  tlie  Koyal  College  of  isurgeous,  Ensjland. 


THIRD  EDITION.    In  Extra  Crown  8uo,  with  Numerous  Illustrations.    Cloth.    12s.  6d. 

OUTLINES  OF  PRACTICAL  PHYSIOLOGY : 

A  Manual  for  the  Physiolog-ical  Laboratory, 

INCLUDING 

CHEMICAL  AND  EXPERIMENTAL  PHYSIOLOGY,  WITH  REFERENCE  TO  PRACTICAL  MEDICINE. 

Part  I.— Chemical  Physiolog-y. 
Part  II.— Experimental  Physiology. 

*»*  In  the  Third  EdUioUy  revised  and  eiUaryed,  the  number  of  Illustrations  has 

been  increased. 


Fig.  118. — Horizontal  Myograph  of  Fred^ricq.  M,  Glass  plate,  moving  ou  the  guides 
/, /;  I,  Lever;  m,  Muscle;  p,  f,  e,  Electrodes;  7',  Cork  plate;  n,  Counterpoise  to 
lever  ;  R,  Key  in  primary  circuit. 


OPINIONS  OF  THE  PRESS. 

"The  BEST  students'  book  on  the  subject,  FULL  of  information,  and  capitally  illustrated."— 
The  Lancet. 

•*  This  valuable  little  manual.  .  .  .  The  genera  i,  conception  of  tlie  book  is  excellent  ;  the 
arrangement  of  the  exercises  is  all  that  can  be  desired  ;  the  descriptions  of  experiments  are  CLEAR, 
CONCISE,  and  to  the  point." — British  Medical  Journal. 

"  The  student  is  enabled  to  perform  for  himself  most  of  the  experiments  usually  shown  in 
a  systematic  course  of  lectures  on  physiology,  and  the  practice  thus  ol)tained  must  prove  in- 
valuable. .  .  .  May  be  confidently  recommended  as  a  guide  to  the  student  of  physiology,  and, 
we  doubt  not,  will  also  find  its  way  into  the  hands  of  many  of  our  scientific  and  medical  practitioners." 
—Glasgoiu  Medical  Jow^nal. 

"  .An  exceedingly  convenient  Handbook  of  Experimental  Physiology."— Bi>7«8ni;/ia«i  Medical 
Reriierv. 


LONDON:  EXETER  STREET,  STRAND. 


iSTANDAED  MEDICAL  TEXT-BOOKS. 


Companion  Volume  by  Prof.  Stirling. 

SECOND  EDITION.    In  Extra  Crown  8uo,  with  368  Illustrations.    Cloth,  12s.  6d. 

OUTLINES  OF  PRACTICAL  HISTOLOGY: 

A    MANUAL    FOR  STUDENTS. 

Dr.  Stirling's  "Outlines  of  Practical  Histology"  is  a  compact 
Handbook  for  students,  providing  a  Complete  Laboratory  Course,  in 
which  almost  every  exercise  is  accompanied  by  a  drawing.  Very  many  of 
the  Illustrations  have  been  prepared  expressly  for  the  work. 


Fig.  200.  — LS..  Cervical  Ganglion  of  Dog.  c,  Capsule  ;  s,  Lymph  sinus;  F,  Follicle  ; 
a,  Medullary  cord  ;  b,  Lymph  paths  of  the  medulla  ;  V,  Section  of  a  blood-vessel ; 
^f',  Fibi-ous  part  of  the  hilum,  x  10. 


OPINIONS  OF  THE  PRESS. 

"  The  general  plan  of  the  work  is  aumirablk.  .  .  .  It  is  very  evident  that  the 
suggestions  given  are  the  outcome  of  a  prolonord  experience  in  teaching  Practical 
Histology,  combined  with  a  remarkable  judgment  in  the  selection  of  methods. 
.  .  .  Merits  the  highest  praise  for  the  illustrations,  which  are  at  once  clear  and 
faithful." — British  Mnli<  al  Journal. 

*' We  can  confidently  recommend  this  small  but  concisely- written  and  admirably 
illustrated  work  to  students.  They  will  find  it  to  be  a  very  uskful  and  i:eliable 
guide  in  the  laboratory,  or  in  their  own  room.  All  the  principal  methods  of  preparing 
tissues  for  section  are  given,  with  such  precise  directions  that  little  or  no  difficulty  can 
be  felt  in  following  them  in  their  most  minute  details.  .  .  .  The  volume  i)roceeds 
from  a  MASTER  in  his  craft." — Lancet, 

"  We  have  no  doubt  the  outlines  will  meet  with  most  favourable  acceptance  among 
workers  in  Histology." — Glasgow  Medical  Journal. 
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W  O  H  K  S 

By    J.    R.    AINSWORTH    DAVIS,    M.A.,  F.Z.S., 

PROFKSSOR  OF  BIOLOGY,  UNIVEKSITr  COLLEGE,  ABERVSTW YTH. 


AN  ELEMENTARY  TEXT-BOOK  OF 

B  I  O  L  O  O  "Z". 

SECOND    EDITION.        In   Two  Parts. 

P.4RT  I.  Vegetable  Morphology  and  Physiology.     With  Complete  Index-Glossary 

and  128  Illustrations.    Price  8s.  6d. 
Pakt  II.  Animal  Morphology  and  Physiology.     With  Complete  Index-Glossary 

and  108  Illustrations.    Price  10s.  6d. 

EACH    PART    SOLD  SEPARATELY. 

*,*  Note.— The  Second  Edition  has  been  thoroughly  Revised  and  Enlarged,  and 
includes  all  the  leading  selected  Types  in  the  various  Oi-gauic  Groups. 

Of  the  Second  Edition,  the  British  Medical  Journal  says:— "Certainly  the  best  'biology' 
with  whicii  we  are  acquainted,  and  it  owes  its  pre-eminence  to  the  fact  that  it  is  an  excellent 
attempt  to  present  Biology  to  the  Student  as  a  conRELATED  and  complktk  scienck.  The 
gldssarial  Index  is  a  most  useful  addition." 

"  Furnishes  a  clear  and  comprehensive  exposition  of  the  subject  in  a  systematic  form."- 
^atiirdai/  Review. 

"  Literally  packed  with  infonnation."— CTas(7OT«  Medical  Journal. 


THE    FLOWERING  PLANT, 

AS  ILLUSTRATING  THE  FIRST  PRINCIPLES  OF  BOTANY. 

Specially  adapted  for  London  Matriculation,  S.  Kensington,  and  University  Local 
Examinations  in  Botany.  Third  Edition,  Revised  and  Enlarged.  With  numerous 
Illustrations. 

With  a  Supplement.\ry  Chapter  on  Ferns  and  Mosses. 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modem  discoveries  in  Botany.  .  .  .  The  scientific  accuracy  of  statement.  ;ind 
the  concise  exposition  of  fikst  principles  make  it  valuable  for  educational  purposes.  In  the  chapter 
on  the  Physiology  of  Flowers,  an  admirable  reftiuni  is  given,  drawn  from  Darwin,  Hermann  Muller, 
Kemer,  and  Lubbock,  of  what  is  known  of  the  Fertilization  of  Flowers." 

*,*  Recommended  by  the  National  Home-Reading  Union  ;  and  also  for  use  in 
the  University  Correspondence  Classes. 


A    ZOOLOGICAL  POCKET-BOOK: 

OP,  Synopsis  of  Animal  Classifieation. 

Comprising  Definitions  of  the  Phyla,  Classes,  and  Orders,  with  explanatory 

Reniarlcs  and  Tables. 

By    Dr.    EMIL  SELENKA, 

Professor  in  the  University  of  Frlangen. 
Authorised  English  translation  from  the  Third  (ierman  Edition. 
In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.    Limp  Covers,  4s. 

"  Dr.  Selenka's  Manual  will  he  found  useful  by  all  Students  of  Zoology.  It  is  a  compkehensivk 
and  successful  attempt  to  present  us  with  a  scheme  of  the  natural  arrangement  of  the  animal 
world." — Ediri.  Med.  Journal. 

"  Will  prove  very  serviceable  to  those  who  are  attending  Biology  Lectures.  .  .  .  The  trans- 
lation is  accurate  ami  clear." — Lancet. 
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WORKS  by  A.  WYNTER  BLYTH,   M.R.C.S.,  F.C.S., 

Ban  ister-at-Law,  Public  Analyst      the  Com^.^yj^-jf^^*^""' 

NEW  EDITIONS.     Revised  and  partly  Rewritten. 


FOODS:  THEIR  COMPOSITION  AND  ANALYSIS 

in  Demy  8vo,  Cloth,  with  Elaborate  Tables  and  Plates. 
FOURTH   EDITION.     Price  2IS. 

GENERAL  CONTENTS. 

History  of  Adulteration— Legislation,  Past  and  Present- Apparatus  useful  to  the 
Food^^nalyst-'' Ash ''-Sugar-Confectionery-Honey-Treacle-  Jams  and  PreseiW 
Fruits -Stirches-  Wheaten  -  Flour-  Bread-Oats- Barley- Kye-Rice-Maize-Millet 
-Potato-Peas-Chinese  Peas-Lentils-Beans-MiLK-Cream-Butter-0  eo-marga- 
rine-Butterine-Cheese-Lard-Tea-Coflfee  -Cocoa  and  Choco  ate  -  Alcohol-Brandy 
—Rum-Whisky— Giu- Arrack  — Liqueurs  — Absinthe  — Principles  of  fermentation— 
Yeast-Beer-  Wine— Vinegar— Lemon  and  Lime  Juice— Mustard— Pcpper—bweet  and 
Bitter  Almond  — Annatto- Olive  Oil  — Watek— Standard  Solutions  and  Reagents. 
Appendix :  Text  of  English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITION. 

"  Simply  INDISPENSABLE  in  the  Analyst's  laboratory."— TAc  Lancet.  _ 
"The  Standard  work  on  the  subject.  .  .  .  Every  chapter  and  every  page  .give 
abundant  proof  of  the  strict  revision  to  which  the  work  has  been  subjected.  .  .  .  ihe 
section  on  Milk  is,  we  believe,  the  most  exhaustive  study  of  the  subject  extant.  .  .''^An 
ISDISPKNSABLK  MANUAL  for  Analysts  and  Medical"  Officers  of  Health.  —Public  Health.,  -  ^j^i 
"'a  new  edition  of  Mr.  Wynter  151yth's  Standard  work,  enriched  with  ALL  THE  RECENT 
DISCOVERIES  AND  IMPROVEMENTS,  will  be  accepted  as  a  hoow."  — Chemical  JSfews.^j 


POISONS:  THEIR  EFFECTS  AND  DETECTION. 

THIRD  EDITION.   In  Large  8vo,  Handsome  Cloth. 
With  Tables  and  illustrations.   Price  21s. 

GENERAL  CONTENTS. 

I. — Historical  Introduction.  IL — Classification  —  Statistics  —  Connection  between 
Toxic  Action  and  Chemical  Composition  — Life  Tests — (^leneral  Metliod  of  Procedure — 
The  Spectroscope — Examination  of  Blood  and  Blood  Stains.  III.  —  Poisonous  Gases. 
IV^. — Acids  ami  Alkalies.  V. — More  or  less  Volatile  Poisonous  Substances.  VI. — 
Alkaloids  and  Poisonous  Vegetable  Principles.  VII,  -  Poisons  derived  from  Living  or 
Dead  Animal  Substances  VIII. — The  Oxalic  Acid  Group.  IX. — Inorganic  Poisons — 
Appendix  ;  Ti'eatment,  by  Antidotes  or  otherwise,  of  Ca.ses  of  Poisoning. 

''  L^ndoubtedly  the  most  complete  WORK  on  Toxicology  in  our  languag«»." — The  Analyst 
(on  the  Third  Edition). 

"  As  a  PRACTICAL  GUIDE,  we  know  no  better  work."— 7/)c  Lancet  (on  the  Third  Edition). 

"  One  of  the  best  and  most  comprehensive  works  on  the  subject." — Saturday  Revietv. 

"  A  sound  and  Practical  Manual  of  To.xicology,  wliich  cannot  be  too  warmly  recom- 
mended. .  .  .  One  of  its  chief  merits  is  that  it  discusses  substances  which  have  been 
overlooked." — Chemical  Ncvi.i. 

The  THIRD  EDITION  has  been  in  great  part  Re-written.  Enlarged,  and 
Corrected.  New  ANALYTICAL  METHODS  have  been  introduced,  and  the  CADAVERIC 
ALKALOIDS,  or  PTOMAINES,  bodies  playing  so  great  a  part  in  food  poisoning  and  in 
the  manifestations  of  disease,  have  received  special  attention. 
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By  W.  ELBORNE,  F.L.S. 

In  Extra  Crown  8vo,  with  Litho-plates  and  Numerous  Illustrations.    Cloth,  8s.  6rf. 

ELEMENTS  OP 

PRACTICAL  PHARMACY  AND  DISPENSING. 

By   WILLIAM   ELBORNE,  B.A.Cantab., 

Oemoustiator  (  f  MatiT.a  Medic.u  nnil  Toachcr  of  Pli-irinaoy  at  I  uiveisity  Colliige,  London;  PlianuaciBt  to 
Univeriity  CoUeKa  Hospital;  Meuilier  of  tlie  I'haruiaceulical  Sociioiy  ol' Gri;at  liritaiii;  Fellow  of  the 
Clieinical  and  Limieaii  Societies  of  Lond'  n  ;  fornioily  Assistant- Lfcturer  ii>  Pharmacy 
and  Materia  Medica  .;t  the  Owens  Colleg  •,  M:inchester 

"  A  work  which  we  can  very  highly  recominencl  to  the  perusal  of  all  Students  of 
Medicine.  .  .  .  Admiuably  adapted  to  their  ve(]\\\rement&." — Edinburgh  Medical 
Journal. 

"  Mr.  Elborne  evidently  appreciates  the  Requirements  of  Medical  Students,  and 
there  can  be  no  doubt  that  any  one  who  works  through  this  Course  will  obtain  an 
excellent  insight  into  Chemical  Pharmacy." — British  Medical  Jov.rncd. 

"The  system  .  .  .  which  Mr.  Elborne  here  sketches  is  thoroughly  sound."  — 
Chemist  and  Druggist. 

Formerly  Published  under  the  Title  of  "PHARMACY  AND  MATERIA  MEDICA." 


By  Drs.  DUPRE  and  HAKE. 

THIRD    EDITION    IN  PREPARATION. 

A  SHORT  MANUAL  OF  INORGANIC  CHEMISTRY. 

By  a.  DUPRE,  Ph.D.,  F.R.S.,  and  WILSON  HAKE, 

Ph.D.,  F.I.C.,  F.O  S.,  of  the  Westminster  Hospital  Medical  School. 

"  A  well-written,  clear,  and  accurate  Elementary  Manual  of  Inorganic  Chemistry. 
.  .  .  We  agree  heartily  in  the  system  adopted  by  Drs.  Dupre'  and  Hake.  Will 
MAKE  Experimental  Work  trebly  interesting  becau.se  intelligible." — Saturday 
Review. 


WORKS  by  Prof.  HUMBOLDT  SEXTON,  F.LC,  F.C.S.,  F.R.S.E., 

G-Iasg'jw  and  West  of  Scotland  Technical  College. 


OUTLINES  OF  QUANTITATIVE  ANALYSIS. 

With  llluslnitions.     FOURTH  EDITION.     Crvivn  Bvo,  Cluth,  3s. 

".A  practical  work  by  a  i)ractical  man  .  .  .  will  further  the  attainment  of 
accuracy  and  method."  —Journal  of  Education. 

"  An  admirable  little  volume    .    .    .    well  fulfils  it.s  purpose." — Schoolmaster. 

"A  COMPACT  laboratory  guidk  for  beginners  was  wanted,  and  the  want  has  been 
WELL  .sdpplied.    .    .    .    A  good  and  useful  book. " — Lancet. 


By  thk  same  Author. 

OUTLINES  OF  QUALITATIVE  ANALYSIS. 

With  Illustrations.     THIRD  EDITION.     Crown  Svo,  Cloth,  Ss.  6d. 
"  The  work  of  a  thoroughly  practical  chemist    .    .    .    and  one  which  may  be 
unhesitatingly  recommended." — British  Medical  Journal. 

"Compiled  with  great  care,  and  will  supply  a  want." — Journal  of  Education. 
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Twenty-first  Edition.     With  Numerous  Illustrations,  3s.  6d. 

A  MANUAL  OF  NURSING: 

MEDICAL  AND  SURGICAL. 

By  LAURENCE  HUMrHRY,  J\1.A.,  M.D.,  M.R.O.S., 

Assistant-Physician  to  and  late  Lecturer  to  Probationers  at  Addenbrooke' s  Hospital,  Cambridge. 

ftKNKRAL  Contents.- -Tlie  General  Manacement  of  the  Sick  Room  in  Private  Houses 
—General  Plan  of  the  Human  Body- -Diseases  of  the  Nervous  System— Respiratory 
System  -  Heart  and  Blood- Vessels— Digestive  System  — Skin  and  Kidneys  — Fevers — 
Diseases  of  Children— Wounds  and  Fractures— Management  of  Child- Bed — Sick-Room 
Cookery,  &c.,  &c. 

"Ill  the  fullest  sense  Dr.  Humphry's  book  is  a  distixct  advance  on  all  previous 
Manuals.  .  .  .  Its  value  is  greatly  enhanced  by  copious  woodcuts  and  diagrams  of 
the  bones  and  internal  organs,  by  many  Illustrations  of  the  art  of  bandaging,  by 
Temperature  charts  indicative  of  the  course  of  some  of  the  most  characteristic  diseases, 
and  by  a  goodly  array  of  Sick-room  Appliances  with  which  every  Nurse  should 
endeavour  to  become  acquainted." — British  Medical  Journal. 

"  We  should  advise  all  nurses  to  possess  a  copy  of  the  work.  We  can  confideiitly 
recommend  it  as  an  excellent  guide  and  companion." — Hospital. 


Third  Edition.    Handsome  Cloth,  J^s. 

FOODS  AND  DIETARIES: 

HOW  AND  WHEN  TO  FEED  THE  SICK. 
By   R.   W.   BURNET,   M.  D.,    F.  R.  C.  P., 

physician  in  Ordinary  to  II.  R.  II.  the  Duke  of  lork;  Senior  Physician  to  the  Great  Northern  Central  Hospital,  ttc. 

General  Contents. — Diet  in  Diseases  of  the  Stomach,  Intestinal  Tract,  Liver, 
Lungs,  Heart,  Kidneys,  &c. ;  in  Diabetes,  Scurvy,  An;fimia,  Scrofula,  Gout,  Obesity, 
Rheumatism,  Influenza,  Alcoholism,  Nervous  Disorders,  Diathetic  Diseases.  Diseases  of 
Children,  with  Sections  on  Prepared  and  Predigested  Foods,  and  on  Invalid  Cookery. 

"  The  directions  given  are  uniforjily  .iudicious.  .  .  .  Maybe  confidently  taken  as 
a  RELIABLE  fiUiDE  in  the  art  of  feedin;j  the  -^ick.'' — Brit.  Mai.  ./"urnal. 

"To  all  who  have  much  to  do  with  Invalids,  Dr.  Burnet's  book  will  be  of  great  use.  .  .  . 
The  subject  is  treated  with  admirable  sense  and  ,jnn!:MENT  by  Dr,  Burnet.  The  careful 
study  of  sucVi  books  as  this  will  very  much  help  the  Practitioner  in  the  Treatment  of  cases, 
and  powerfully  aid  the  action  of  remedies." —  ianoei. 


Second  Edition.    Handsome  Cloth.    With  Coloured  Plates  and 
NumeroitK  Illnstvations.    Price  6s. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR   SHIPMASTERS   AND  OFFICERS 
IN  THE  MERCHANT  NAVY. 

including 

FIRST  AID  TO  THE  INJURED. 

BY 

WM.   JOHNSON   SMITH,  F.R.O.S., 

Prinripal  Medical  Officer,  Scaiueii's  llosiiital,  Greenwich. 
"Sound,  .tldiciol'S,  really  helpful."— Lancet. 
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In  Crown  B>vo.     IVith  Frontispiece.    Handsome  Cloth.  6s. 
THE  HYGIENIC  PREVENTION  OF 

CONSUMPTION. 

By  J.  EDWARD  SQUIRE,  M.D.,  D.P.H.  Camb., 

Physician  to  the  North  London  Hospital  for  Consumption  and  Diseases  of  tlie  Cheat:  Fellow  of  the  Royal 
Med.-Cliiruri,'.  Society,  and  of  the  British  Institute  of  Public  Health,  ire,  &c. 


GENERAL  CONTENTS. — The  Nature  of  Consumption — Prevkntive  Measures; 
In  Infancy,  Childhood,  School  Life,  Adult  Life;  Exercise,  Clothing,  Diet;  the  House- 
hold, Choice  of  Occupation,  Residence — State  Hygiene— Management  of  Earlv 
Consumption  : — Question  of  Curability,  Cliniatic  Conditions,  Travelling,  &c. 

"  We  can  safely  say  that  Dr.  Squire's  work  wili,  rkpat  study  even  by  the  most  cultivated 
physician.    .    .    .    full  of  instructivk  matter." — The  Lancet. 


Seventh  Edition.      Tlioroughly  Revised  throughout.      With  additional 

Illustrations.     Price  6s. 

PRACTICAL     SANITATION : 

A  HANDBOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 

By  GEORGE  REID,  M.D.,  D.P.H., 

Fellow  of  the  Sanitary  Institute  of  Great  Britain,  and  Medical  Officer,  Staffordsliire  County  Council. 
ll^ITH  AN  APPENDIX  ON  SANITARY  LAW 

By  HERBERT   MANLEY,   M.A.,   M.B.,  D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Broniwich 


GENERAL  CONTENTS. 

Introduction — Water  Supply:  Drinking  Water,  Pollution  of  Water — Ventilation  and 
Warming — Principles  of  Sewat^e  Removal — Details  of  Drainage;  Refuse  Removal  and 
Disposal— Sanitary  and  Insanitary  Work  and  A j)pliances— Details  of  Plumbers'  Work  — 
House  Constructions-Infection  and  Disinfection— Food,  Inspection  of ;  Characteristics 
of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food— Appendix ;  Sanitary  Law; 
Model  Bye-Laws,  &c. 

"  One  of  the  most  excellbnt  Works  on  Practical  Sanitation  we  possess.  Rkliablf,  and  accurate.'"— 
Public  Health. 

"  A  VBRT  nsBFCi  Handbook,  with  a  very  useful  Appendix.  We  recommend  it  not  only  to  Sanitabt 
Inspectors,  but  to  all  interested  in  Sanitary  matters."— .Saniiarj/  Mecord. 
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FouKTH  Edition,    llcmdsome  Cloth.     With  Frontispiece,  4s. 

A  MANUAL  OF  AMBULANCE. 

By  J.  SCOTT  RIDDELL,  CM.,  M.B.,  M.A, 

ASSISTANT-SURGKON,  ABBRDKKN  ROYAL  INFIRMARY  I   LKCTURER  AND  KXAJflNER  TO  THE  ABKRDEBN  AMBntANCJS 
association;  KXAMINBR  to  the  ST,  ANDREW'S  AMBDI.ANCB  ASSOCIATION,  GLASGOW,  AND 
THE  ST.  JOHN  AMBULANCE  ASSOCIATION,  LONDON. 

With  Numerous  Illustrations  and  Full  Page  Plates. 


General  Contents.— Outlines  of  Human  Anatomy  and  Physiology— The  Triangular  Bandage 
and  its  Uses— The  Roller  Bandage  and  its  Uses— Fractures— Dislocations  and  Sprains- 
Haemorrhage— Wounds- Insensibility  and  Fits— Asphyxia  and  Drowning  — Suffocation — 
Poisoning— Burns,  Frost-bite,  and  Sunstroke— Eemoval  of  Foreign  Bodies  from  (a)  The  Eye  ; 
(6)  The  Ear ;  (c)  The  Nose ;  (d)  The  Throat ;  (c)  The  Tissues— Ambulance  Transport  and 
Stretcher  Drill — The  After-treatment  of  Ambulance  Patients — Organisation  and  Management 
of  Ambulance  Classes — Appendix  :  Examination  Papers  on  First  Aid. 

"A  CAPITAL  BOOK.  .  .  .  The  directions  are  short  atul  clear,  and  testify  to  the  hand  of  an 
able  surgeon." — Edin.  Med.  Journal. 


"  Should  be  in  the  hands  of  every  Mother  and  Nurse."— T/ie  Nurse  (Boston). 

Third  Edition.    In  Large  Grown  8vo.    Handsome  Chth.    Price  5s. 

THE  WIFE  AND  MOTHER: 

A  Medical  Guide  to  the  Care  of  Healtli  and  the  Management  ol  Children. 

By  albert  WESTLAND,  M.A.,  M.D.,  CM. 

General  Contents.— Part  I.  Early  Mai-ried  Life.  Pakt  II.  Early  Motherhood. 
Part  III.  The  Child,  in  Health  and  Sickness.     Part  IV.  Later  Married  Life. 

"  Well-arranged,  and  clearly  written."— 

"  Will  be  USEFUL  to  a  newly-(iualified  man,  commencing  general  practice."— Bri/)'*^  Medical  Journal. 

"  A  REALLY  EXCELLENT  HOOK.  .  .  .  Tlie  author  has  handled  the  subject  conscientiously  and  with 
perfect  good  taste." — Aberdeen.  Journal. 

"  Excellent  and  judicfous."- WVsJmi  Daily  Press. 

"  The  best  book  I  can  recoinmeml  is  '  The  Wipe  and  Mothei;,'  by  Dr.  Albert  Westland  published 
by  Messrs.  Charles  Griftin  &  Co.  It  is  a  MOST  valuable  work,  written  with  discretion  and  retinenient  "— 
Hearth  and  Home. 


With  Ulustralions.    Crovui  Svo  extra.    Handsome  Cloth  3s 

INFANCY  and  INFANT-REARING: 

AN  INTRODUCTORY  MANUAL. 

HY 

JOHN  BEN  J.  HELLIER,  M.D.Lond.,  M.R.C.S.,  Eng., 

lECT.   ON   DISEASES  OP  WOMEN   AND   CHILDREN,   VORKSniHE  COLtEGE,    LEEDS  I    EXAMINER   IN   THE  VICTORIA 
UNIVEUSITT,  MANCHESTER;  SURrt.  TO  THE  UOSP.  FOR  WOMEN  AND  CHILDREN,  LEEDS. 

" Thorouohly  PRACTICAL    .    .    .    a  JUNE  of  iMfonnation."-PMW/c  //cai(/j. 
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Eighteenth  Annual  Issue  (for  1901). 

For  a  COMPLETE  RECORD  of  the  PAPERS  read  before  the 
MEDICAL  SOCIETIES  throughout  the  United  Kingdom  during 
each  Year,  vide 

THE  OFFICIAL  YEAR-BOOK 

OF  THE 

SCIENTIFIC  AND  LEARNED  SOCIETIES 

OF  GREAT  BRITAIN  AND  IRELAND. 

Price  7s.  6d. 

COMPILED  FROM  OFFICIAL  SOURCES. 

Comp'ising  {together  with  other  Official  Information)  LISTS  of  the  PAPERS 
read  during  1900  before  the  ROYAL  SOCIETIES  of  LONDON  and 
EDINBURGH,  the  ROYAL  DUBLIN  SOCIETY,  the  BRITISH 
ASSOCIATION,  and  all  the  LEADING  SOCIETIES  throughout  the 
Kingdom  engaged  in  the  following  Departments  of  Research  : — 

§  1.  Science  Generally  :  /.f. ,  Societies  occupy-    5;  (5.  Jicononiic  Science  and  Statistics. 


ing  themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

§  2.  Astronomy,  Mathematics  and  Physics. 
§  3.  Chemistry  and  Photography. 
§  4.  Geology,  I  geography,  and  Mineralogy. 
§  5.  Biology,  including  Microscopy  and  An- 
thropology. 


§   7.  Mechanical  Science  and  Ai'chitecture. 

§   8.  Naval  and  Military  Science. 

§  Agriculture  and  Horticulture. 

§  10.  Law. 

§  11.  Literature  and  History, 

g  12.  P.sychology. 

g  13.  Archaeology. 

§  14.  Medicine. 


"  The  Year-Book  of  Societies  is  a  Record  which  ought  to  be  of  the  greatest  use  for  the 
progress  of  science." — Lord  Playfair,  F.R.S.,  K.G.B.,  M.P.,  Past  -  President  of  the 
British  Association. 

"It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  time 
one  of  the  most  i.-'enerall)''  useful  works  for  the  liln-ary  or  the  desk. — T/i e  2'iines. 

"The  Year-Book  of  .-Societies  meets  an  obvious  want,  and  promises  to  be  a  valuable 
work  of  reference."  — yl  <Ae?irt'Mm. 

"  The  Year-Book  of  Scientific  and  Learned  Societies  meets  a  want,  and  is  therefore 
sure  of  a  welcome."— Westminster  Beview. 

"  As  A  Book  of  Reference,  we  have  ever  found  it  trustworthy."— Lancei. 

"  Remarkably  full  and  accurate." — British  Medical  Journal. 

"  An  exceedingly  well  drawn  up  volume,  compiled  with  great  accuracy,  and  indispensable 
to  any  one  who  may  wish  to  keep  himself  abreast  of  the  scientific  work  of  the  day." — Edin. 
Medical  Journal. 

Copies  of  the  First  Issue,  giving  an  accoimt  of  the  History,  Organisa- 
tion, and  Conditions  of  Membership  of  the  various  Societies  [with  Appendix 
on  the  Leading  Scientific  Societies  throughout  the  world],  and  forming  the 
groundwork  of  the  Series,  may  still  he  had,  price  7s.  Gd.  Also  Copies  of  the 
succeeding  Issues. 

The  YEAR-BOOK  OF  SOCIETIES  forms  a  complete  indicx  to  the  scientific 
WORK  of  tlie  year  in  the  various  Departments.  It  is  used  as  a  ready 
Handbook  in  all  our  great  Scientific  Centres,  Museums,  and  Libraries 
throu^^hout  the  Kingdom,  and  will,  without  doubt,  become  an  indispensable 

Q  O  '  '  ^^^^^^^^^^^^^^^^^^^^^^ 

BOOK  OF  reference  to  every  one  engaged  in  Scientific  Work. 
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